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e Problems, con- 
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— the Logarithms, to confult Chapter 1. 


— . general uſe of the Table of Loganthms, 
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kw aloe in Turning to Wind . 
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IV. In Chapter 4 th is Mercator”s ſailig : 20 the right under 
Kanding of which, Vii neceſſary to deſcribe Mr. Wright's Pro- 
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the lifes of l, bef treat the Problems of Sailing 
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or relates to 1 * 
e ee ; = al as alſo in the Cal- 
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each oy: failing is managed, in do the Log- Board, 

caſting it wy Kao bringing it into one. Cant aid Diſtance g with 
framing the Dead-Reckoning and _—_ 8 | 


by his the whole s gle more i intelhgy EDT 15 8 


you 3 
*. 57 it ſtands in ſo little re t 
Difference of Latitude and Departure from the Meridian, may 
be found for any Diſtance under 10,000-and for Ir 
Point of the Compaſs. 8 
Next to that, A Table of Meridional 2 Mi- 
nutes of Latitude, which together with the Table of "OA 
onable Parts annexed, the Meridional Parts for each fingle Mi- 
nute are found. - 


And next adjoining is a Table of 10,000 Logarithms, 

After which you have a Triangular Canon Logarithmical, or 
a Table of Artificial Sines, Tangents and Secants, to ev 
Degree and Minute of the Quadrant, which are corrected wi 
more than ordinary care, there being yone when this Book was 
firſt publiſhed in 1686, extant (in this Volume) that had Secants 
beſides this. The deſcription and general uſes of theſe Tables 
are comprehended in four Chapters, containing 1 3, Propoſitions 
and ſet juſt before the Tables. At page 294. 

he Schemes or Figures, are contained in 10 Copper-plates, 
inſerted in their proper places, being orderly numbered with pro- 
per references for the more eaſy turning to any upon occaſion. 
Thus have you the ſum of what's here treated, what my La- 
bour and Pains have been herein, I leave you to judge who are 
moſt like to reap the Fruit and Profit (my Share being a very 
{mall Part) thereof; though I dare aver it's the completeſt and 
por tabliſt pile of IaſtruQtions for a Young Learner of Navi = 
now extant: it's the very method I have uſed for now 50 
finding it ever ſucceſsful even to the moſt indifferent Capacity 
hundreds I have taught. Therefore if my 
Reader would be a Proficient herein, let him begin chearfully, 
and proceed „and the end will crown his endeavours 
with anſwerable ſucceſs. 

Let not floth perſuade to give over at the meeting of any Dif- 
ficulty, but rather remember that Love, Labour and Conſtancy 
will overcame the greateſt Difficulty. And, 
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"Epitome" of the Art of Navigation. 

CHAP. IL 

Praflical Geometry explained by Definitions, Problems and 
+7 Proportions. | 


2 7 — of continued quantity or magnitude; that 
is ; 4 Line, a Superficies, and a Solid, whoſe original is from a 


4+ COD 


Seftion. L Of Linea! Geometry, or the firft Hind if Magnitude. 
Defmitions.” of Punct or Point, . di- 
Had Kare vided into parts, and is the end of a Mathe- 
matical line : as the punkt A; Plate l. Fig. 1. 

2. A Mathematical Line hath no breadth, or thickneſs, only 
h; it is made by the moving of a punct, and (conſidered 


in itſelf) is either regular or 1 ; 
3- Regular is ether right Tine or an arch. ©—— | 
Right Line is the diſtance between two puncts; 
line Plate. 1. Fig. 1. = — 
5. An Arch is not the ſhorteſt diſtance between two puncts, 


Problem. 1. To drew a line parallel to u given line. | 


Definition. Pe Lives, 22 2 al diſtance, andif infinite- 
produced, g m ame ſuperfi 1:1 

never meet :- as the lines AB and CD. Plate 1. Fig. 4,4 x 
EI TERS 1 5 
1 Ie N $4 
is required to be drawn, + | "Ou 
I. with a pair of compaſſes) the neareſt diſtance be- 
rr 
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2. With 


8 As Plate i. Fig. 5. 
cut the line 


12 Pratiical Geometry. 1 


2. . the comp T 
© het 1 


„ AB} 2s was re- 


. en drivy + ling. to eke the 8 bes 
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wit IL. 1. ien. divide « ging fs inf hee equal party: 


AB is a given fine. Plate 1. Fi 
e e N 


1. th any diſtance, (greater than half the given line AR, 

_ und one for ofthe compaſſes on A, eb. 
2. With the ſame diſtanee, os fd ao 

mer arch in C and D. . $52 

x 3. By C aid D draw D 

date ; and if AB is equal to EB, its done n 

E is the middle of the line AB dt was equi 


Prob. IL. l 26h # Srpendicuer from « bend in & given lin 
1. ENclining lines, are of Race, 
a dn IO 


and CD. Plate t. 
"a The mening of chain lung (ld an Ang) i ver 
dire or oblique. 2 2 th 2 
are equal: = EGF, nd ON 5s EA 25 IE 
perpendicuſlat. en! | 

pero Example. = rags £. 
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5. Dire&-meeting | 
Ao one end of it, from. e ld 


t. With oi ns es be As rat ts 


; — -4-.. and one fort i i in D, djaw 
. the forme areh in C. | ck 
and one foot in C, deſcribe an 


3. With. the ſame diſtance, 
erch DE, t6 cut the line AB h B. 
C and D draw a lite, © cut the arch DE in E. 
A and E draw à fine; amd its done: ber the line 


$1 > 323 . NI A. g. 


Ka aeg g f, unto AB, 6s ws rqure. | 
T6 ket fall « perendicilar, fro # gheex fund? to « 
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Secs Proflical Geometry. "nd = 
E n the: line 


3 By prob.  bila@dihe line CD in E. 2s: 
3. With the diſtance EC, equat to ED, 2nd one foot K 
croſs the hne AB in A. A 
4. By A and C draw x fine, andit'o done: for AC is = per> 
pemdictlar let tall from the pund C, to the line AB as was re- 
_ quired; - Prob. V. To mate 4 lain angie. 
— The meeting of inclining lines is called an angle, 
r as AB and 
Plate 1, 
* Angle is either a right angle, or an oblique angle. 
ANN is where two lines are perpendicular to 
each other ; as ED and DF. Plate 1. Fig: 7. ; 
"Notes A Right Amie is ju 90 wer | 
2 Alte is vither-acugt leſs than go; 25 BAC, 
more than 90 degrees; GH Fig: x. Plate 7. 
Adonis is wrictd with 3 letters, the middle letter 
. BAC Gunifieth the A. 
meaſured by an Arch whole center is the 
is drawn the one: ſicde to the other of the 
r 


enge i yo may ſee is Fes. 9. Definition 1. 
At A mm mary. line ABz'0o make 4 tight angle. 


The R — Pro. 3) ere& the perpendicular AC, 
and i” 5:done : for the x 8e BAC is « right ance. 
Exam 2. AtAin the line AB, nnn 
— 24 3 Fig. 8. 
e 
reren to cut the tine AB in D. 
„ n ts the chord of 4 des, that is, 
OO rr eeds the u on the 


. the Kiie ABC and ir doke: for the an- 
e containing 41 degrees. 

© Example 3. At B in tie ee BC, 16 make an ee ang) 
* 18. $5: — 

dra the Arch EP wits 


2. On that arch make EO-equal-to'GP, ans eech anal to 
d. the haif of ford. that is, take 51d. from the ſame Scale of 
hords, "ant lay it on the arch from E 10 G, and from G to B. 
IKE 0 5 1 . 
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Practical Geometry, Chap, I. 
B and F draw the line BFD ae for the an- 
FOB ir modal ene e bee eee 
I or . 
of ſave A ſuperficies hath no thickneſs, only length 
and breadth, "tis made by the moving of a line; and is 
either plain 8 or concave. — * 
A perſicies, is a figure ſmooth, even, 
* 5 of x right line, its thr imple or various 


3 AI nn fimaple Po. > Figures or ſuperficigsis boundedby f One. 
DE RO Lond by oo: hr re BROS 
ellipſis. 
5 A Figure bounded by lines, is either a triangle, a qua- 
drangle or a mu 
6. In every ſu there are three things to be nated. 
by 7 N is that line, or lines boumding it 3 as 
BCDEB. Plate . Fig. 9. Sts n 10 
pun& in the middle of it, as A. 
r bag” eee 


2. The Center, which is a 
3. The 
term, as ABCDEBA. Plate 1. Fig. 8. 
7. The kinds of e enen fever = Circle, = Tn 


14 


, and a Multangle, the moſt eafy to make; the more 
difficult are the Elli n each affords 
divers Problems, we begin with the circle. 


Prob. VI. Taq 3 baving its diameter given. 

Definitions 1. A Circle is a plain figure bounded by one line, 

called the peri ; % ABCDEBA. Plate 1. Fig. 9. 
2. The Penphery of a circle, is a line com it; fo that 
its equally diſtant from the center, as BCD 
3- The Center 


from w all right lines drawn to the periphery are equal, 


and radius; as A. 
line drawn through 


4- The Diameter of a Circle, is 
the Center to the Periphery ; 7 ed. the eels maid is the 


longeſt right line can — be as BAN is a diameter. 


Example. BD equal to 60 inches is givep, to make 8 circle | 


on or about it, is required. Plate 1. 
1. Biſect (by Prob. 2) the line BD in A. 
2. With 2 AB equal to AD, and one foot on A, 
deſcribe the periphery BCDEB, and it's done. 
Prob. VII. Te draw the 
are theee pune given, through them to 
draw the periphery of circle is required. Plate i. CE ith 


of a circle is a pun@ in the middle of it; 


„ --— "oven. 65. Sagas 


au 9 


SeQ. II. Practical Geometry. 15 
. Wat any diſtance (greater wan half CB, or CDJand one 
foot in C, draw an arch FGHI. 

2. With the ſame diflance, and one foot in B, croſs that 
arch in F and G. | 

3- Likewiſe (withche face diſtance )and one foot M D, cat 
the former arch in H and I. 

4. By F and G, and H and I, draw lines to cut each other in 


A the center. 

$5. With the diſtance AB, to Al, equal to AD, and one 
foot on A, draw the periphery BCDB, and it's done. 
Prob. VII. To guarter à circle, or in à circle to draw two dia- 


- meters at right angles. 
Example. BCDEB che , and A thecenter of the given 
circle. In which to draw two i ters at right angles i 
ung Plate 1. Fig. 12. | 
1. 1 the center A, draw the diameter BAD. 
2. 'Biſe& (by Prob. 2.) BAD, by drawing the line CAE, and 
it's done. And if BC, CD, DE, and EB are equal to each other, 
it's done true; otherwiſe not. 


Prob. IX. To find the churd, fine, tangeit, and ſecant of an arch 


Deftmitions. 1. P into 360 
equal parts, they are degrees; a degree divided into 60 equal 
parts, are minutes a minute into 60 equal parts, are ſeconds, 
Plate 1 13. 
2. The arch a circle is any part of the periphery ; 2 EB, 
or EBF; and is counted in degrees, which are greater or leſſer 
in proportion to the radius of the circle. 
3- Radius of a circle is half its _—_— "XX A 
drown from the center 0 th periphery 
4. A Chord-line is drawn as wi — * arch to the 
other ; as EDF, or EB, are chord-lines. 
7 A Sine-line is half a chord -lline of double the arch: as ED 
r and DF the 


6. A Verſed spe ber is between the beg hne andthe peri 
fy nn tern ten anger hee 

7. Tangent toucheth the periphery, and is perpendicular to 
— in the wech pun: as BCis Tangent as of the 

8; den cute the periphery, being drawn from the cen- 
ter, Mn meer the as AC is ind frcnts of bs 


greesis is required. 3 
1. With any diſtance (nd cnc foot on A) deſeribe the peri 
phery HIBG. 2. Quarter | 
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Plate 1. Fig. 14. 
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Plate 1. 
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AB, and leg. BC. Plate 1. Fig. x 


The ſide oppoſite 


To make 4 r1 


2. 


* 
- ©. 
. - — =” - 
„ 
equal to 


nuſe : as 


. 4. 
4 
ming 


leg. 


W 
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ai 


* * 
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* 
nch la chord of 
0 includes 55 BA Gal tg 


131 feet; that is; from py ſeals; of 
. om A to C. 


en 22 Plate 


| Fig: 16. 
2 hes; that is, m__ oy Scale 
from A t B. 


of — > An 
2 25 BC. 


3. With 411 perches : — take 41 1 from the ſame ſcale 
of equal — 342 was taken) and with one foot gur uhe 


4 From d 0 © draw a line and it's dove. 


Prob. x Female 6 right angle triangle, ane een 


leg AB 105 Mues 
. The T ange BAC 40d. 25m. ? 18 
En. them to make a right angle triangle i is required by Plate 

1. Fig. 17. 

1. Make AB equal to — that is, from any Scale of 
equal Parts, 5 — 1. from A to B, and at B (by 
Prob. 3.) erect a 
2. At A (by Prob. g. , by 2) make the angle BACequal 
to 40d. 25m. (which is thus; take a chord of 60d. and with one 
foot on A, draw an arch, on which arch lay the chord of 40d. 
25m.) by drawing the line AC, and it's gone. 


Prob. XIII. To make a righ angle trian gle, the legt given. 


Examp. The leg. $48 4] 1 leagues given. 
1 them 2 — triangle, is required. Plate 


1. Fig. 
1. AB equal 2 to 404 leagues. Anda; B (by Prob. 3) 
erect a perpendicu St 
g - pou 


13 , Praflical Geometry. Chep: I. 
2. Upon che ar, make BC equal to 328 leagues, 
nnd from At draw a line and it's done. | 
Of oblique-angles triangles. 

tron 1. An oblique-triangle hath three oblique angfes, 
and is either an obtuſe or an acute trian 

2. An obtuſe triangle hath one obtuſe angle, = one an- 
le more than god. as BCD. Plate 1. Fig. 19. . 

3- An acute triangle hath all its three angles acute ; that thy 
OTROS UG WT oy OS Plate r. Fig. 19. 

Note, To make an oblique triangle, three things, (and one 
| of them a fide) muſt be given. 


Prob. XIV. To make an oblique triangle, ' bib angles and ene_fole 
given. 


GAP BCD 114d. "ITY 
Exam. The angle }zbc 5. gon. _ Þ given 
fide BC 352 miles. 

SOIT 6 Rk pL Chae frcugeind, Plate r. 

ig_ 19. 

1. Make BC equal to 362 miles. And at C (by Prob. 5. 
Examp. ) make the angle BCD equal to 114d. by. drawing 
the line : that is, take a chord of 60d. and with one foot on 
C, draw an arch, Rr ek TN 
Its half 57d. 8 8128 SS w the 
line CD, thereby you'll conc angle 114 degrees. 

2. Add 114d. and 26d. 40m. its 140d. 4om. the ſum of the 
given angles, which ſubſtraQ from 180d. oom. the ſum of the 
three angles. 
„ 20m, 

rt 5. Example 2.) make the angle CBD equal 
to 39d. 20m. y & drawing the line BD: that is, with a chord 
of God. and one foot on B, draw an arch, on that arch, lay the 
chord of 39d. 2om. by which draw the line BD, nd 11's done, 


Prob. XV. To make an oblique triangle, two fides and one angle 
oppoſite given. 
BC 274 : 
Example. The 3 * 1 BD BD 426 ; * — 
angle BCD 108d. 3om. 
With them to make an oblique triangle is required. Plate 1. 


Fig.. 20. - 
1 Make BC equal to 274 miles, and at C (by Prob. 5. Exam. 
3.) make the BCD equal to 108d. 30m. by drawing the 
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2. With 


Pr 
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Soct. III. Practical Geometry. 15 


2. With 426 miles and one foot in B, cut the line CD in D- 
and by B and D draw a line, and it's done. 


Prob. XVI. Nang triangle, ttve ſider, and an in- 
cluded angie given. 

38277 

Example. The 3 f et Een. 

3 _— r01d, goin. 


_ With them u make an oblique wege is required. Plate 1. 
S2 

Make the fide BC equal to 327 feet. And at B (by Prob. 
5. Exam, — make the de CBI equal 101d. 30m. — 


* . and by C and D draw a line, 
and it's done. 

Prob. XVII. To make an oblique triangle, three fades given 

Note; Any two ſides muſt be greater than the third, To meds 


a triangle. 


250 
7 With them to make an oblique triane i required Plate r. 
ig. 22. 
1. Make BD equal to $25 leagues. Then with 425 leag, 
and one foot in B draw an arch C. 
2. With. 250 leagues and one foot in D, cut the arch in C, 
and from C draw lines to B, and to D, and it's done. 


SeQ. III. Of proportions for ready meaſuring ſuperficies and ſolids, 
H* ving ſhewed the making the moſt common and uſeful 

Geometrical Figures, I now proceed to their (and others) 
menſuration, by exact and eaſy rules. | 
Now to prevent the book's ſwelling too great, I'll not trou- 
ble you with arithmetical calculation, but preſent you with an 
inſtrumental way of operation, that's quick and true, eaſy and 
„on Gunter's-Scale, an inſtrument ſo very well known, 
it needs the leſs deſcription : only to avoid a ah take this 
excellent — 


| A general rule for Gunter's- Scale. 


Extend the cbmpaſſes from the firſt term (in a geometrical 
third, wire to.the ſecond; that extent (ifrightly lai ) from the 
reach thefourth term, or thing required. - 


B 2 s This 


Practical Geometry. Chap. L 


This rule welt minded, will make what follows ea 
and ſave many words and much time; and therefore to explain 


t take Us properyion- 
"As into, 3 which I ſhorten thus; 
2. 0:: $++ 


The extent FA the Line of Numbers) from 2 unto 6, (accord- 


ing to the faid General Rule) will reach from 5, to 15 the fourth 


term and thing required. 8 
- Theſe words rgay be ſpared by the ſhort way of writing the 
portion and minding the order of the terms, as in the prob- 
Low following- - But for a full 7 of the Gunter, and 
how to work any . my addition to Mr. 
Wakeley" $ Mariner” $ ** ed. we 181, &c.- 


Prob. XVIII. The diameter of a circle given; to find it's peri- 
þbery. 
The rule. "SUS f ** 1 ner paid”: 
Exam The domes oe Hd: what is the periphery ? 
nfs Inches 106 Muy tenths of an inch. For, ö 


Ry: / i :: 34 inches. . 106-8 tenths. 


8 gt is, N eee ES 
bers) from 7 to 22, or from 1 to 3, 14, &c. will reach from 34 
inches to 105-8 inches neareſt. Obſerve the like in all the refs 

Prob. XIX. By 2 7 ta find the diameter. 
22 
The rule. ee 11 Lemme ereus - dia. 
0-3183 - 

| Exam. Periphery inches 106.8tenths, what is the diameter. 

Anſwer, Inches 34 for 22. 7 :+,inches 106.8. 34 inches the di- 

ameter required. | 


Prob. XX. Nn to find it's area oe 
content 


11 Find its periphery b Prob- 18. then a; 
The Rule. ST As t ..5 diameter : : / 4 


A 14 inches; what is its arex ? Anſwer: 
154 inc _— 

By Prob- 18. The diameter being 14, the riphery is 44 
inches, and by the rule it is thus: 3 * 

As 1+. 75 22 154 inches the area or content required - 


Prob. 


Eee 


to find the area. 


19- And then, 

T, The area is found by Prob. 20. 

1 The periphery 22 feet: 1 Anfw. 
Feet 38-5 tenths. 

The periphery 22 inches, the diameteris 7 inches by Prob. 19. 

And by Prob- 20, it is thus, as 1+. 3-5:: 11 -- inches 38.5, 
the area required. 

Note, The area is of the | ſame name with the dimenſions 
taken: That is, if the diameter and periphery be inches, feet, 
or yards, &c- then the area is inches, feet, or yards, &c. 


Prob. XXII. To reduce the area or content of any thing found in 


— 


iche, to feet; 1 beer, or wine. 
1. Rule for feet; ſay, 144-+1:: area in inches. . area in feet. 


2. Rule 282 $> 
- Gallons As and - 7 *: area in inches {hes 3 Gallons 
Example; ad to avoid the firſt Rule, take 


This needs no 
dimenſions in Foot-meaſure that is, 12 Inches or a Foot 


divided decimally : that is, into 100 reyes the Line 
of Fopgmenture, | | 


Periph.. 

— . 3 * 
Example. The oy of a circle EDN feet 34 tenths; 

what is the. fide of the in{cribed ſquare, - gt the chord of go de- 

grees? Anfew. Feet. 2.4038 parts of 100. 

For; .as t**0.707 : 34 :2-4038 the chord of 90 deg, or ſide 

of the inſcribed ſquare. | 

Trek. XATV. The baſe and perpendicular of a 8 hong i» 


the area. 
The rule. ri 


33 4 baſs 3: perpendicular eeepc 
Dan baſe 16 inches, and the ne: 
I demand the area? Anſw. 6 5 


For; as 1 8:: 125+ 96 the area required. 


Prob. XXV. The length and breadth of @ parallelogram given; 
to nd it's area 


| Dofpnition. . A quadrangle hath four angles, and four ſides 
— and is either a parallelogram or a trapezia. Plate 
1. Fig. 23. 


— | B 3 2. KA 


22 Practical Geometry. Chap. 1. 
2. A Parallelogram hath its oppoſite ſides parallel and equal 

as ABCD; and is either a ſquare, br Foaare = thom- 

bus, or rhomboides ; the firſt two are | 

the latter are obliquangled parallelograms. 


arty. * . 
e eb 1— and four equal 


5• n hacks equal Be, and but two oppolite 
angles equal; as IKLM. Fig. 25- 
A RhombciJes, hath on 
poſite angles equal, as NO Fig. 
Note, breadth of the two laſt is N but the 
1 % A 
ob this General Rule. 1 
A Breadth :: length ; area required, 
Eramp. t, A ſquarg whoſe length AB, aud breadth BC; each 
js Feet 2. 5 tenths: what is the area?” An/. Feet 6. 2 parts of 
10 For, as 12. f. 1 2. f. 6. 25, area- Fig. 23. 
1 2. A long ſquare whoſe length EF, is feet 2. 5- and 
breadth FG is feet 1. 6: What is the area? a 4 Feet · 
ö 2.5 4 feet area. Plate 1. Fi 
5 und 


E. 
A rhombus whoſe IK is fear a” 


roo oppoſite Gdes, and tw op- 


feet 1: 6: : what is the area? e ih 
is 25 
Pork As 2 1.6 :: 2:5 4 
Exam. 4 A rhomboides whoſe 
þreadth 


. 

LO ge 
feet 12- what is its ares 

For, as T—1% 5 eee Fc Plate x. Fig: 26. 


XXVI The and 
— D 


Gy 8 1 
of che perpendiculars - agen are reg. 


us feet, and DF 12 feet : what is its area? An 


378 feet. 


For, as 1 14: 275 378 feet the area required, * I 
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Sect. IV. Nana Geometry” 23 
Poul: — The en breadth of an Ellipfis called an 
- oval e fond the area. "x 
An x » bean x fengib:geh nitber chen fay-agaia. f 
22 2 4th number - ares required. 
diameter of. an ellipſis 12 feet, and 
eonj — 1 1:1 7 dey: ne. | 
Ja as 8 a 96 dhe fourth number. 
Then as 14-11 :: 96-75. 4. the area required. 
Prob XXVII. To find the area of a parabola. 
| The rule. As 1 ae double ordinate - — ny 
as 7-2::4th number- area requi 
"The xe af a 


For ;—as 1 - 9+: 8-72 the 4th number. | : 
2 333 


Ses. Id. Of falids, the third bind 
D — or & 


Ef nition. A Solid” th breadt 

if bounded by one Su 

Spheriod ; ha bonded by me eee. either 
| LE... App 


— 


5 * or _— 2 4-0. {207}. 1-407] f 
is equal; — 
8 . — 2 4 


| cr Cube of Diam - - Cont; 1 
ane, what's 


47 parts of 100 
n is Cube of 
feet 


18 


— 


— 
3 1 a 
As here, the tent Eoin 166 the Diameter 2-42 turned three 
times frem 0.524, Gn: eee 745 ares of 109 the 
* required. For it's thus; 259 
* 2427fX52 1.47 = van7r $07 2 ob 1 Nene 
The 2 1 to 2-42 (on che Line 4 
reach 0-524 to 1-27 ; and the ſame 
1-27 te 30%, and the ſame extent Ln IN 
r, 7 
Prob. XXX. Tbe diameter % i hui the ſalid 
f chaten. 
Definition. A Spheriod is an Gel Sold, lobifer:chiin it is 
nee the Notation ot 2 
about it's diameter; the Solid: Content is found by this. 


For ite, ud . e . 141% hene the 
from I be noo cole im 3 


0 i = ** | Flehas 6x 6 4 tenths, the com: 


tent required. 


Or thus 5 as R 2153: 2188.83 
c 


parig of 1 n 
1 2 1 381% 5: . From 1. 


to 8.8 , will reach from — Inches 63-4 Tenthaof an inch, 


the content required- 


Prob. XXL 8 given ; ts fudth fold 


ends are equal, parallel, alike | 
2. A Priſm, takes its Si N its Baſs.;. a a. ——_ 
Priſm, a Triangular, a Quadrangular, or Wen Prifm, 
all are meaſured by this one Genera} Rule. a 
As 1 Atea of one Baſe : Length Solid 
Exanp- 1. Roma Prim es by ome» S, whoſe 
Diameter at each end is 21 z Inches 1 8 
and length is ĩ;E 30 
N 5 the Solid Content | * 10392 inches” 


Ran 


" x EE bo n . 


T AFT 


That is, the extent on the Line g Numbers from 1 to "Si will 


"NT ö 


5 


= 
. 


$0; 1 
s two Baſes ute two equi Circles, and thi 
a i pe 6 ons by Pd. 30 toe Inches 
Tenths : then it 18,* In 


2 1.316 Inches, Conteiit 
Ee Prifm, whoſe De equal EL 


— 


de ofthe Sod 6 he | "Thehes 2262. ol Send 
For its dete berg an elliphs, the area by Prob. 5 


b — 8 
8 content required. 
28 priſin, "Whoſe bates are two equal 
ace i each of och 
The | — 8 is inches ps 
RT on 
What's the ſolid content? a. Inches 1920. 
Thi comet ur « 24) ts 96 inches: and then its 
As 1-96.20. 1920 inches, ſolid content required. 
Examp. 4. A eube 
length, breadth and depth, 


Anſw. Inches 1728. | 
_ For as one «ſquare of 12::12-1728, That is, the extent 
from t to 12 tut ned aver two times from 12, reacheth to in- 
* 1728 the ſolid content required. 


Length Jute der 1 3.4 | 
What's the ſolid content? Anſe.-Feet 33. 9, tenths. ; 
For; As i-*{quare. of 1. 21:21. 751. feet 33.9, that is, the ex- 
den dens 2 ts 1. 35. turned two times from 21. 9 
ia „ epſon. 

Examp.'6.A ne it: whoſe 
2 in cach, 

The breakhi ——2r15} -- 


depth is —2-5 
The length of the folid i 5.5 (28S 
What's the ſolid —_ Anſe. Foot 62. 
For it is as ct. g A area of the baſe. . 

Then; a3 9 feet, ſolid content required. 


In 


| _ _— 
found, let its baſe be of what form ſoever; 8 
found by Problem 20, 21, 22, & 24, 25, 26, or 27, nay be 
ſolid content of the. priſm, by the general rule in the Prob. 31. 


Prob. XXXII ales 7 es. s find the 


Definition 1. A Pyramid is 2 drt Solid, having one Baſe, 
and at t'other end a punłt, called the Vertex. 
2. A Pyramid takes its ſir· name from it's Baſe ; =» a Round, 


an Elliptick, 2 Triangular, a Quadrangular, or f Multangular 
Proms all ace meaſured by this one General Rule 

As 3+ Area of Bale :: Length · Solid Content. 

Note, By Length underſtand a Perpendicular from the Ver- 
tex to the Baſe ; r 
fide from Vertex to Baſe. 


Exanp. A Round Pyramid, called by lane 3 cove, whoſe 
diameter at baſe——— & 
perpendicular at length 30 Le oct: 
What's the Solid Content? Anfw. 3465 inches. 
Har the Area of the Bale is Lochan 34 by Paok. 20. 


Thays as 3.” 346-5230 3465 Inches, which is the Solid Con- 
tent 
other Pyramid, which I paſs over, having 


-* 


The like do for any 
gives fix Examples in a Priſm, and leave you to apply them here. 


Prob. XXXIIL W find its 


Definition 1. A Prifmoid'is a trait Solid having two unequal 
Baſes or Ends, but are parallel, like, dale ee. 
| is as various as 2 Priſm, nd bs no ether than 


1. Multiply the Area of each Baſe together, and * the 
product extract the Square Root. 
a2 Add 'the Area of each Baſe, and that Square Root into obe 


3 * as 3 that Sum :: engt Sold Content. 


But 


= 


Sect. IV. | Practical Geometry. 


31 Pri ſmoid, take this 
1 
** 


1 » ies 
hoy ae Gan | 
And for Round Priſmoid, this is the Rule. 
1. Add the ſquare of each diameter, and the product of the 
diameters into one ſum; and then, 

8 as 3.82. chat fan: — content. 
| more largel 7, is to the foreſaid ſo 
| x he length ofthe fold content. : my 


at) eee 


ticular Rule. | 17 
Produd of zhe Sides | 


1 't 


Mod 's 
ar 


[i 
length 60 inches. 


. 
| 9 75 185 9755 ſquare. . 
For as 153 90:5: 4,9: 0.81 ſquare 

+ 9. .S15, C 1.35 product 
Sum of the two ſquares and is 1 ebe 
Then, as 3-441 0 8920, ſolid Spe in 
282 er the fruſhim of a cone) whoſe 


69. 25 parts of 100. 
* 


EE 


Sn of the awh n 41 inches. 
Tg l 9925. ſolid . 


Example 3 An ellitick prifmeid, Darren 


tick cone, whoſe ; 
2 inches, 75 


a Tam nam gen, 


diameter at bottom 


— —— 2 


* Practical G e 
What's the folid content? A. . For, 
b area long-ſquare. 

* = $458 = WEE — 

as 137 e, what OT RI 5 

£ - ans Re 

2 3 e er- 1617 ſolid content „N 

qui 92 8. 


Y It the baſes of the foreſaid priſmoid had been long ſquares the 


Work +5 the fare, except only in the laſt 3 
ing the ſame dimenſions, its fold content i Taches 2080, 


near; for it is thus; 
As 3*131-46::47-- 2059-5) inches ſolid content. 


Prob. XXXTV. gare. 51 


2 
benebeln 


r —— 
— =: hel rem is . | 
5 rang. Lond Pris Fc 


3 — 


r 


e e Pp 
More examples I think' here needleſs,: having given 
in a priſm, ind the Rake for this and ther being fo ke. 


tion. Fruſtum; is the lower of 6. 
— ly | youu a pyramidoid, cur 
"din" 
This is the ſame with the General Rule for prifnoid, 
in the third precept, which ire this eaſes thes (34 
2..that ſum :: length · ſolid content required. 
EE IS take 
To the ſquare of the greateſt add tay « 
tate iow ne um; then, 8 2 112 
ee — ecemmes 
« Round Froflum, is p — 
6 Add the ſquare of each diameter inte one fum ; then 


- 2. Say, as 2. 546+ that ſum : feng ſolid content. 
Or more la rgy has; ns 2.54649, is r fu; 
- the content. 7 


1 


=: 
rs the folid content? If. 1824 ee 
For; #8 1 * 4 16 the ſquare at top 

; „ "6:6 38 rhe ſquare at'vottons 
"7: oo 4: & 24 he produl <fthe-wro fices. | hit 


Sur ofthe two dee 7G inches, and, the pura ofthe two 


ks fy; 23 276 22 48 inches, the ſolid content. 
* Exams. 2. The frattums of « round 


bo 7 21 if a 


Whats the hit conerm r 


e 


. 


1 


o = : i.” , 
Practical Geometry. Chap, I. 
9 T 3 == - 


For; 281 Fr 
163636 the ſquare at bottom. | 
” ,- - as" 4::6- 24 the product of both diameters. 


Sum of the two ſquares 76 inches, the product of both 
Then ſay; as 2.546” 76:: 48 1433 inches the ſolid content. 


rr 


| Eauging caſt, and a ſbig? 


1. TR Oard or plank, glaſs, and flat ſtone, are meaſured by 
the Foot Square, or Superficial Feet, containing 144 
ſquare inches, or 12 times 12: ſo that to know how many 
ſquare feet. are contained in the area, or content of any ſuper- 
ficies taken in inches, the proportion is this. 

As 144 f:: content in inches* content in feet . 
But the eaſieſt way, is to have the foot of ta inches divided 


o 


- 


of in feet. 
Then conſider, if the thing to be meaſured be a circle, trian- 
| 5c eye none for ſuch a figure 
(i 3 of this ) dire& to the area. That is, 

I the thing to be meaſured. be a circle, then Prob. 20 or 21 
ſheweth how to find its area; if it's a 
gives a rule to find the area; ifa 
a rule to find its area, whether it be a ſquare, a long-ſquare, a 


generally 
— Wa If a 
then Arp e 11 


| inches : and:when the content of any ſolid body is n 


into cubic feet, which is the 


299 — 


. Frs gg zA 28 ea „. 


ſquare or long-ſquares; alſo boards, planks and flat 


Jo, i, 1797 


As 


ls] 
= 28 


e * 
* . = 


WP — 


for it (in Sekt. 3. of this Chap.) 
I ads the fold content in feet. uy 


at one 
If a 
is all 
Fi 
and ſy 
A Pyramidoid, then Prob. 35 ſerves 
to Cloſe Caſks, if cut in halves through 


— 
"If 
771 


2 caſk; who 
dou rule 
for gaugin 

n 


length, feet 16, and a ſquare rod is feet 2721; an acre of land 
containeth 160 ſquare rods. 

Now the readieſt way to caft up the content of land in acres 
is to take the dimenſions by a Four Pole Chain, decimally di- 
3 into an 100 links) then the rules (in dect. 3. of this 
Chap.) proper to the form of it, (whether a triangle, ſquare, 
long-ſquare, rhombus, rhomboides, or trapezia) finds the con- 
tent in the ſquare chains; which are turned into acres thus; 

A E . 

5. Gauging is gallon, that either containin 
292 Cubical Inches, 3 Cubi 
Inches into gallons of either kind the rule ids; 

As $3527 .. 1:: Cubical Inches - Gallons of 2 Wine 

So that the dimenſions of any Solid Body taken in inches, the 
proper rules for that body finds its content in inches, and the 
rule above finds the gallotts of Beer or Wine it will held. 8 1 
N | | * ro 


n en rr 


Tbe Rule, Add . twice the ſquare of 
once the of the head, r 
- + 3 A” that Soon 2 Leng Tod Content LN 
Glowing rule. Or the —— 
wing 
1. Says as 1 0-7::Difſerence of Head and Bung - a Fourth 


2. That 4th number add to the head diameter the ſum is a 


mean diameter; > 
N 


As 


Head | 
Lengh of the Caſk —— — 


As 1 0,7 3.1 - 217, which 
„ Then, 


8. 

7435 N N 45-5 Wine 
te dana the extent form the firſt term to the ſecond, twice 
turned over from the third, gives the en regwaed, 


The rule. 1- Say as 1 *- Breadth :: Half-Breadth *- Fourth 


982 * th N Length Tuns required. 
2 as 94 4th Number :: Tuns 
Examp. A ſhip 75 feet 


the keel, and 23 feet by de Beam; 
what's her tunnage? 4 211. tuns 5 
For, as 1 23 u 11 · 5 264˙85 the 4th number. 

Then, az, 94. 264 * 75 21 tuns required. 


— bake es caſes, & to gite the 
are priſms, and their dimenſions taken by t 
the content in cubical feet is found by prob. 31- 
And then ſay, | 


* 661 e 
Or aus 4966 = Area Baſe: : Length - tuns required 


oy 
. 


1 


32 Gauging Caſts and Ships Hold. — 


found by the | 


x a... TO .. = 3 


Set. Plan Trigononatry Reflangulir. 33 
| breadth i— — ' — — <ſeet42 
Examp: A Bale whoſe depth— 4 


What's the Content in tuns? , Hn 9943 | 
As 1+ 4-23: 46+ 10-92 Area of its Baſe: 1 
As 66.10.94 :: 5.7 tuns, 0-943 parts required. ov | 
3 Note, That 66 feet is the 9 i Caſe that incloſeth two 
iſh Butts, ſo that this Rule excludes the Cantlings of the 
, which is bettet than 4 part; therefore allowing for the 
Cantlings or Vacancy to be 26 feet, the remaining 40 is to 
be counted for a tun: and then, 
The rule is, as 40- Area Baſe :: length + tuns required. 
And then the fareſaidYale contains tun 1-555 parts Fot, 
As 40 - Area Baſe 10.92 Length 5.7 + tun 1-556 parts. 
So much for Geometry ; Trigonometry is next in order to he 


, 


CELOLEOLEO EC ES ELIE E ET LEE EM 


Chap. II. Containing the dodthine of plain triangles. 
Rigotionietty; is that part of Geonictry which rents more 


| T particularly about the meaſuring of triangles, wherein 

. having three things given; either ſides; angles; or both; 4 

| 4th (fide or angle] may be found; and is either Plain or ſphe- 
rical; it's thaptmet we begin with. | 


S&Ction I. Of things neceſſary 10 be underflood, relating 10 . 


Irigonometry. 


I; A Triangle is ariy Three-cornered figure; it confiſteth of 
in of Spherical. | 8 | | 
2. A plain Triangle is projeted on 4 plain ſuperficies, and 
therefore its Sides are r but the Sides of a Spheric 
Triangle, are Arks of the'Sp (5 wh milfs ib the chep- 
ter of Spherie Trigonometrys * a | 
3 An Angle is the meeting of any two Lines, making 2 : 
Corner; and is either a Right-Angle, containing juſt go deg- | 
or Oblique; more than go deg: called an Obtuſe-angle ; or leſs 
than go deg; called an Acute-angle. 4 os 
Go: ” 4- When 


wx 


34 7 erte Difiitinn. 


Chap. . 


4. When two Lines croſſing one another, make the angles on 


2 „ 
Perpendigular 

s. A Degree, is the 36oth part of the Periphery of di y Cir- 
as the 4th part go is called a Quadrant, and the half 180 is a 
Semicircle. Bot, ogy containeth 60 Min. and a Min. 60 


Seconds, 


I ES 


Degrees. 
10. The Angles ( of a 23 given, 
of the Bey can only be es ven, th 
T1. In a Right-angle Trian two things given (if one be a 
Side) are ſufficient to find a Third ; but, * 

e.. 
muſt be given to find a fourth. 

13. Three Letters ſignifies an Angle; as BAC fign nifies the Angle 
A; and Lets Side as AB ſignifies the Side AB, de 
4 Given things, whether Sides or are marked with 
« Daſh, abus () and required things, n 


15. 1. Fetter any Number ſignifies 12 Frbus 
256. = ann. 22 m, is 31 Minutes. * 
8 ö 9 ö fine complement or co- ine. s 

| | tangent. 

. | 4 1 complement or * 
Sec. e. | | 
CO. ar. 


=Y 1 | 
8 ſo is ; as thas, 2-4 15 
That is, eee 


16. There ace ſeven caſes ji» Rijſhaida ſes Triangles; and f 
in Oblique. - 3 ſolftion W but irt of of Rightang 


Tg 


© 


x - 


bs Coder ing wie ods 


to the | to radius + the 

; andthe contrary. An Sent, ſecants 25 
dee may be tadiue | | 
ven; is to the fide [4 


Ne 


. 
- 


* ne 
” + * 
f - 
= 
. l 4 


. radius, 

"BAC, to leg BG: 
2.f 5 "hypot. AC 28; 
83:22: PS 121 . þ 54d. q 3g 


acts 3 — wt 
0 : #f 1 £ I 1 — 
* - 


— leaving out the firſt 
then it is 11.993471, which 


98.51 — e 


By/ Gunter's Scale thus. 


Radius AC:: * 3 
8. 121 1 3om. 
| Ts to rg, extent from ſine 
Sines) to 121 
reach from fine 54d. qm. (on 
miles g8.5 — 
. 


making each ſide radius, to 
find the leg. BC, are theſe which follow. 

fee BAT: LB : Hypotenuſe AC Leg BC. 

ſec. T. BAC : * 

ſec. ACB - Radius 


ore} a they are theſe following. | 
Radius - $. ACB 
:: Hypotenuſe Ac Leg AB. 


ſec. BAC - Radius 
ACE Tack 
Note. When Radius is not the firſt Term in the Proportion, 
_ then take the Com -Arithmetical of the Logarithm of the 
firſt Term; which how to find is ſhewed in Chap. 1. Propo- 
ſition 9. Of the uſe of the Table of Logarithms, Sines, Tan- 
gente and Secants, this Comp. Arith- or co- ar- add to the Lo- 
* wtfihe focond ind third Terms, and from the charaterific 
; — ——ͤ— the remaining Gyures is the Lo- 


- X th 


— * . 


Prob- Il. 
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Prob- IL. Caſe 2 and 3 The angles and one to 
the bypotenuſe, b 9 


r triang ny = 
The [Lex BC gf log — L Abs & required. 


y Problem U 
— NC Totes, lt he eee (by 

1) is thus.  * 

2 is to the Leg BC, ſo is Radius 

| Hypotenule AC. Or thus ; 


S.BAC -- Leg BC. 2 Radius, - bypotenuſe AC. 


By Gunter's Scale thus ; 
TINO: bg BCE Radius Hypotenuſe AC. that is 8. 54d 
3om. + 98 Leag. :: S. god. Leag. 120.4tenths. 
That is, the exten extent from Sine of 54d. zom. (on the Line of 
Sines) to 98 Leagues (on the Line of Numbers) will reach from 


Sine god. to Leag- 120-4 tenths the Hypotenuſe required. 
The three ſeveral proportions, — {ont each ſide radius, to 
| —— vom 2 lex BC- 
BAC - ſec. BAC >: bypotenuſe AC: 
Radius · ſec. ACB 
And to find the leg AB, they are theſe ; 
S BAC -S. AC 
T. BAC - - radius leg BC « leg. AB. 


radius ++ T. ACB 


Note, In working 8 Gunter, when a tangent bs mentioned, 
the radius then is the tangent of 43d. as in the two laſt propor- 
tions It Is, 


As T. BAC - « radius:: leg BC. leg AB. Which is T 34d. 
zom. T. 45d; 14 leg. 59-8. tenths. 


That is the extent 30m. to 45d. (on the Line of 
Tangents) will reach from om gi leagues, 1 leagues 69. 8 tenths on 
the Line of Numbers, for E 


As radius : T-ACB : "Ig AB. Which is T. 43d. 
T7335 30m. : : 984. leg TE * 
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That is, the extent from 'T.45d. to T, 35d. 3om. will reach 
from 98 leagues, to leag. 69-8 tenths, as before. 


Prob. III. caſe 4 and 5. The and one given ; 
Fn 4 and the other leg. * 


Examp. In the right angle triangle ABC. Plate 2. Fig. 
hyp. AC 121 or BAC 
mars woman: Pete ov 
S triangle 15 r 11. 0 
1 To find — angles. 
It make the h ypotenuſe ius, the ton 
AN and Note 2) is is thus; ae propor by 
As the hypotenuſe AC is to radius; ſo is the leg AB, to the 
fine of the — ACB. Or thus; 
Hypot. AC” Radius:: Leg AB” S.ACB. 


121 Leg. Pg Ls. 8.34. 45m. Which 
ſubſtract from 2. god: oom. : 


Remginder is angle BAC —— 55d. 15m. by the gth of 

Section 1 of this Chapter in page 35. 
And if the leg AB is radius, then the proportion (by Aziom 
T. and Note 2.) is thus. | 
As the leg AB, is to the radius ; ſo isthe hypotenuſe AC to the 
ſecant of the angle BAC. Or thus. 
 AB6gleag.”” radius :: AC 121 leag.” ſec. BAC 55d. 15m. 

Note ; This proportion is not wrought on the Gunter becauſe 
of the word Secant in the 4th term; but being wrought by the 
Tables (as before direQed) will produce the angle BAC 5 5d. 
15.m. as above; res Asm. 
for the 2 ACB, as before. * 
2. The leg BC may be found by the 1ſt or ad 2 ſereral 
ways : | 0s tas, : 

Radius AC:: S. BC 1 

S. ACB ++ AB:: S. Bac e 

Sec. BAC - AC:: T.BAC | 
Radius. AB:: TAC 2 


N 


Sec. ACB - AC: : : radius 


T. ACB . AB; : radius | 
Prob. IV. caſe 6 and 7. ele Ara fo find the angles and 


bong 


| Examp. In the rj ght - angle tri ABC Plate 2. Fi 
The leg F 8825 c. given, ire le BAC or ACBy. req. 


neu bt 
| This ura ge ie made by Prob, 13. of Geometry 1. Make 


nenne 5172-6; 


1. Make the l. AB radius, and the proportion Axigm 1. 
4 1 n the leg Bc, ” tangent 
As the to radius; fo is to the 
od e BAC. Or thus, 
Kg BC: rad Tac, | 1 
py 69 | T. 48d. T,. 35 om. ed. 
Arr eee. — 5 


- The remainder is — — im. Fur the angle ACB, b 

the gth of Seaion'r. of ts Chepees, in Page 35. 

And if the leg BC is made radius, the proportion is thus ; 
Leg BC leg AB:: radius T. ACB. | 
69 leag. 98 © leag. :: T. 45d T. 54d. 51m. as before; 
Which bei ſubtracted from go, leaveth 35d. oom. for the 

angle BAC, 

both angles. 
A. hypotenuſe AC may be found by the 2d cafe ſeveral 


Fil, making the hypotenuſe AC radius; thus, 
2 BC radius h AC. 
S.ACB - WAL a ypetenuſe E 906\2{/42 
3 1 thus, 
ius 2 
T BAC - ct :: ſec. BAC* hypotenuſe AC. 
Thirdly, 1 the leg BC radius; thus, 


radius 

TacB. AB? = ſec. Ach = bypotenuſe AC. 

Theſe 6 proportions, if the learner works them, he'll find 
them all produce leagues 119.8 for the hypotenuſe AC. 

Note; The 5th and Ith caſes may be performed by the 47th 

ition of the Firſt Book of Euclid's Elements, which proves 

the 1 ˖ is equal to the ſum of the ſquarea 
of the two legs; therefore, 

1. By natural arithmetick, extracting the ſquare root; the 
rules are theſe. 

Firſt, In the $th caſe to find a leg; when the hypotenuſe 
and one leg is. given, thus, 

The Sqlare Root of the Difference of the Squares of the hy- 
potenuſt and one Leg, is the other Leg. 

Secondly, In the Ich caſe to find the hypotenuſe, when both 
the legs are given, thus, 


the Hypotenuſe. 
* = in theſe two rules 
ule. When — - 
find the other leg, thus, C4 
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ither of theſe proportions is ſufficient to find 


Mf 


The Square Reo of the Sum of he Square of both leg, 


is given, to 
Half 


| e, ba. 
c is the Logarithm of the Leg 


Peron Rule. When both legs are given, to find the hypo- 


1 of the greater Leg, ſubtrect the 
Logarithm of the leſſer Leg; the abſolute number anſwering to it, 
add to the ſeſſer Leg; half the ſum of the of that ſum, 
and leſſer leg; is the logarithm of thayHypotenuſe required. 
Example 1. The Hypotenuſe AC 121 and the leg 
AB 69 leagues : what is the leg BC by the Square Root? 

Hypotenuſe AC — RR eg RE CPI AED 

1121 
121 621 
243 414 
121 conn — = 
Square of AC jig— — —14641 * * 
Square of AB i— — © — 4761 


DiE: of the . = 30 ee Len BG. 


189)1780 
1701 


1983}7900 
5949 


19869)195100 


179821 


Remainder is —..— — —16279 


| Logarithms th | 
The Hypotenuſe 10 — . 


The given Leg AB ＋ T. es leagues . = 


Sum of AC and AR — — — 190 its Log. is 2.298754 
g of AC and AR — —52 its Log. is 1,716003 
The ſum of the Logarithms is — — — 9900757 
The half ſum of theſe Logarithms'is — — — 
Whoſe abſolute number is 99.393 that is, Leagues 99-39 
r 


* 
- 


oy 


to on 


» JJ 2 


S Ma SERA T- an 5 - 


; „ | , 


| F 
* * 0 


Sect. II. ee e 8 
Example. 2. The Leg AB Ales, and the 
miles given: 2 ee AC? By the 228 / 
The , — = * i! 0 
"_—_— N 
784 oP OS = | EN 
een 211 | 414” 


— 


| Square of AB i 9504 560g Square of BC is —— 4761 : 


uare of BC is — 476r- 
n 14365(119.8 thatis 119 leagues 
5" 6 
C 21 
229{2205 
— 2051 , 
238820400 
. 2 191% 
R . d is - a 1296 | 
Multiply its Logari 
The double AB i —— — — 


The leſſer leg BC 69 Miles, its is — 1838840 
Abſolute number t 20. a anſwering: the Logarithm 1 
ſum is 200.2 its ithm is. —— --2 318491 
the leſſer Leg BC 69 Miles, its Logarithm is—-1.8 
the ſum of the two laſt Logarithms is —— 4157330 
. the half is the Logarith us oF AC 1192 required 2078665 


Sefion m. Three other axioms, with the fix caſes of lie plain 1 
nen,. 2 


"ad alt plain Triangles, the Gdes. are in fuch pro- 
20412 ee EE nn how of the 


N 1 A | TI * 0 
Ein * "I'S oy 1- As | 


ww 
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1. As the Sine of any one Angle, is to its oppoſite fide ; fo 
is the Sine of any other angle to its oppoſite Side. 
2. As Side, is tothe Sie of its oppoſite Angle; ſo is a Side, 
to the ſine of its oppoſite Angle. 

Note; To find a Side, begin with an Angle ; but to find an 
Angle, begin with a Side. 

rom this Axiom are drawn the proportions for the firſt, ſe- 
e WT CLNSINNY: , 


V. OF abliguanglet. Two and 3 
Prob 5 fd he 9— * 


Examp. In the oblique Plate 2. Fig. 5. 
9885 101d. 25m. 
The 4 angle dc Ls * given: 10.885 req. 
* | 


This triangle in made. by Prob: 14. of 

1. The proportion according to the ſecond Axiom for finding 
CD, is this, 

As the fine of the angle BDC, is to the fide BC; fo is the 
fine of the angle CBD, to the required fide CD. Or thus ; 

S. BDC fide BC ::S. CBD + fide CD required. 


S. rod. 25m. 76 yards :: S. 44d. 42m-* yards 54.5 tenths. 
S. 180d. oom. ö N 


— 


S. 78d- 35m. 3h 


Note; The fine of 101d. 25m- is found by ſubtracti 
180d. according to Chapter 1. ALS 8. Of the uſes of 
the Tables of Logarithms, c- 

2. To find the fide BD, the is, 
S. DC- fide BC :: S. BCD -- BD. 


reg 3 & 33d. 53m. . yds. 433 tenths 


ng it from 


— 3s acute: 
Byt when the | given angle is acute, te to the leſſer 
Fans; thaw (is 2 angle © z Whether acute 

Ge, nd ought tobe determined before the operation 


Example. 
& 4 


Sect. III. Plain Trigonometry Oblique. 
Example. In the oblique tri BCD. Plate 2. Fig. 6. 


43 


* angle BD 
* 2 e —_ > 88 
Angle BCD 31 ſide CD 


This triangle 1s made by . 15 of Geometry. / 
x, For the angle BDC the proportion is, 
As the fide BD, is to the fine of the angle BCD : ſo is the 
ſide BC, to the fine of the required angle BDC. Or thus, 
fide BD IDs ſide BC -- S. BDC. 8 
65 yards 31d. 49m. +: 106 yards * gd. 17m. which 
. ſubtract from 1804 oom. 
an ST remainder is the angle 9d 17m. for the 
ve ; proportion produceth 59d. 17m. for the required 
angle : but being its obtuſe, you muſt take its ſupplement to 
180d. viz. 120d. 43m. as above. 
2. Find the third angle by the gth of Section 1. of this Chap- 
ter, in Page 35, then you may find CD by the firſt Caſe. 
This Caſe hath been omitted by moſt, the reaſon (I ſuppoſe) _ 
is the doubtfulneſs of the required angle; but if determine 
(before) to be either acute or obtuſe, the third fide is limited, 
and then n as any other. And the pro- 
portion may be 
S. BCD + fide BD :: S. CBD + fide CD. 
S. 31d. 49m. 65 yards. :: S. me 288. = 56.8 tenths. 


. S BDC - fide BC S CBD = fide CD. 
rn 8. 27d. 28m- + yds. 56.8 tenths as 
_ 


N all plain 'Triangles ; as the ſum of two ſides, is 
2 F. their 1 ſo is the tangent of the half 
ſum of FA. two oppoſite angles, to the tangent of the half 
difference of the two unknown angles: 

Add the half difference of the angles to their half ſum, finds 
the greateſt angle; and __— the half difference from the 
we ſum, finds the lefſer an - 4. 

rob. VII. Caſe 3 and 5 


e 


and their contained 


5 and the third fide. 
oblique triangle BCD, Plate 2. Fig: 7- 
Side J 35.23 3 angle BCD and 

7 ven : 2 
angle CBD 101d. 30m. 4 5 ſide CD * 
This triangle is made by Prob. 46. of Geometry. 


1. For 


1 
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1. For the angles BCD, and, BDC, the operation is 
Side I The three angles — — — —180& oom. 
BD 76 Subtra& the gives angle CBD — 101d. goin. 


Sum of fides185 — 
1 The two oppoſite Angles J Burg _ 


Then, as the Sum of the Sides BC and BD,  w their Bf 
ference, ſo is the Tangent of half the ſum of the 
and BDC, to the Tangent of half their 

N TI ina i FI tg x diff. 

185 es 33 es :: 15m- T. 18d. 17m- 
The half diff of the angles - - -$d. 25 33 


Added is the greater angle 47d. ; 
Subtracted is the leſſer an m.BCD 

2. The proportion for the fide 
hique trian 1-445 
S. BCD+ :: S. CBD +: fide CD. 
[30d gm. ve les. 8. 101d. 30m. = leag. 144.5 tenths. 


e Fr:! 

4 ref) evra noting the remainder. Then 

quired, then the re) ſeverally, their remainders. Then, 

As the product of the half Sides, and firſt remain- 

e ſo is the 

{quare of Radius tp the ſquare of the Tangent of half the Angle 
oppoſite to that firſt remaindex- 


Prob. VIII. Caſe 6, Three fides given fad as ane 


In the triangle BCD. Plate 2. Fig. 8 
BD 85 = angie} BED BCD 

5 den: PR” 
CD 50 0 259 

This triangles made by Prob- 33. of 80 

The operation for the angle CBD is 
28 BC - 105 | The half ſum Leag. 1 20. co- ar. 7.920819 


.-> 85 | The firſt Remainder 70-co. ar. 8.154902 

; 5% | Theother Remain 35- logar. 1.544068 
Sum of Sides 240 n $5: lar 1.126091 

„their — . N ſum 18-795880 

From 4 fum = "EN 149. dam I ſum 

Subt- each ſide 35 ubled 14d. am 9 

there remgins poets 28d. Os for — ao. 


This Axiom finds an angle 


applicable to the — wy I As 3 
you 


(by the firſt Caſe of ob- 


28. ＋ . PF. 7 E. OF r. 3. rs © 


Sei © 


000 


, re + -&.--. £1 
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you have this fourth Axiom in other terms ; which finds an an- 
gle GD 1 and may be wrought both inſtrumental 


<= Uſeful, when three ſides of a triangle are given; 


5 he longeſt gde, is to.the ſum of the two ſhorteſt; ſo is 


Perpendicular (from the Angle oppoſite) to 
the — Ge, which — — into * Segments 3 and the 
into two Angle-Tria 
As in 1 triangle BCD. Plate _—— 8. 


Let fall the DA, which makes the Segments of 
the Baſe to be BA, and AC, and the twoRight-Angle-Triangftes 
BAD, and CAD, ang the difference of the ts BE 

I. . To find BC the difference of the ſegments of the baſe. 

bt ——HS feet 
Shorteſt ſides 
Added, is the fum of the two ſhorteſt fides— — et 
Subtracted is their difference 55 cet 


Then as the fide BC, is to the ſum of BD and CD; fo is 
the difference of BD and CD, to BE the difference of the leg- 
ment BA and AC. Or thus, 

8 Sum BD & CD :: Diff. BD & CO- BE the Diff. of 


5 = 135 235 feet | 45 © feet 
The fide 105 feet, CI 


75 BA the greater Seg- 
32 Fthe half is 35 AC the leſſer — 4 
BCD or CBD, may be found by the 4th Caſe 
Triangles; thus, 


Leg AB - 8. ADB. 
8 8. god. 275 Feet S. 61d. 54m. 
Which ſubtratted from- ——ood oom. 


Remainder is the angle CBD ad- Om. as before. 


Thus much for Plain Triangles ; and to compleat Trigono- 
metry," Spherical ſhould be next. But I count the application 
of ths this before the DoQrine of that, moſt conducible to the 


Learners therefore will deſcend to the neceſſary 


uſes of Plain Trigomometry 3 in . — and Mercator's ailing, 
try. 


CHAP. 


wha 26d 0d Mr 


P. 


46 Julia Calendar. 
CHA P. M. Plain trigonometry gonometry applied in 
failing by the plain fea-chart, ly called Malo tailing.” 
ND that nothing may be wanting to the ac iſnment 
of Navigation, I will begin with the Julian Calendar, and 
thenthe uſe of the Plain- Chart, before I apply Plain-Trigono- 
metry to Plain-Sailing. - 
Section I. The common note of the Julian Calendar ; to find 
the Prime, Epact, Dominical-Letter, Eaſter-Day, the 
Moon's Age, Southing, and time of High-water. 
Prob. I. To find, the golden number, '» Ole of the ſun, and Roman 


. HE Golden Number, or Prime, is a Cir- 
Din cular revolution of 19 years; in Sich 
(pace of time (it has been fuppoſed) the fun and moon finiſh all 
their of aſpects. 

2. The yele, or Circle of the Sun, maketh its revolution 
2 * all the variety of Dominical Let- 
ters, and Leap-Years expire, and the 29th year the circle be- 

Dee 
doe year, paſt, preſent, or to come. 

3. Roman Indiction conſiſteth of 15 years: for once in 19 
years the nations were to pay tribute to the Romans; a thing 
now out of uſe with us. | 
The rule out of Mr. Street's memorial verſes on the ecclefiaſtical 

and civil calendar. 
When 1, 9, 3, to the year hath added been. 


Divide by 19, 28, 15- 
I would know the the Golden Number, cycle ot the 


and R Indiction for the g 
* 2 on year 1748 being Biſſextile 


_ 


F. 


— 
— 
r 


>2 ” "0 1 Es 77 


. -oa 
Added — — —— 1 — _ 
Sum is © . 
19 — 62 RED g—116 
39 2 


(1) (Ar) 


wen no Eres. ſun 5 2 
Prob. 


S&T , „ 22 9 
<. 1 3. o find the any year. 

Definition. The 3 days, the year of the Moon 
lacketh of the Sun's year: hs LAS being 354 Gaye, and the 


Solar-Year 365 da 
Note ; The peR never exceedeth 29, and. alters eyery year 
11, and ir ud l Bad thee Mosse Age and Eaſier 


Alſo, Note, the Prime changeth the firſt of January, but the 
Epact the firſt of March. The Rule is, 

1. Find the Golden Number by Prob. 1. 

2- Divide the Golden Number by 3, and note the remainder. 

3- Multiply the remainder by 10, and note the product. 

4. To that add the Golden Number ; the ſum. (if it 
exceeds not 30) is the epact; z bur if it doth, fubrra® 30 there- 
from, and th Gebet inthe 


— 
. ft add 10; zee 
cal As no EE ed 
Add 
| The Sum then is the ep 
the 
tile Prob. 


ſki 5 
ri ian but Leap- 


Year 366, and then 3 which in common 
Years hath bat 28.c 


Therefore 1748, is Biſſextile or Leap- Vent. 
The Rule. Divide the year by 4, what's left ſhall be, 
For Leap-Year o, for paſt 1, 2, or 3. 


Prob. IV. To find the Dominical letter for any year. 
A 1, Ba, C3, D4 Es, F s OS Js 


Definition 1- The week days in Calendars or Almanacks are 
expreſſed by the firſt ſeven letters of the alphabet, and one of 
them is a dominical letter. : * 

2. Dominical Letter, or Lord's Day Letter, is that which 
ſtands for it, commonly called Sunday. 

The Rule. Divide the year, its 4th, and 4 by 7; 
| What's left ſubtract from 7 ; the letters given. 

_ Note 1. When its 
ters; one ſerves to the 25th of February, the other from thence 
to the year's end. | CEC Er © IP 

2. The Dominical-Letter backward in a Commori- 
Year one letter, but in Leap- Year 

3- The 
latter of them that this rule finds. 

Examp. For the year 1748; I demand the Dominical-Letter 

The ation. 

The year (by Prob. 3.) is a Leap Year — — 1748 
ÿ . ( 

To it add — — — — — 4 


The ſum is — N — — 2189 
| 7)2189)312 quotient, and remainder is 5; which 

21 ſubtract from 7, remains 2 for the domi- 

5) nical letter, which is, B; but 

1748 being leap year hath two letters 

which the other foregoing is C. 


1ſt. of January. 
Prob. V. By the J Year. | 
: 19 epa, to find limit the beginnt 
| of Marchinclu _ Nen 


7 

Anno. 1748. The Epact being 11, I ſubtract it from 47. the re- 
mainder 36. is Eaſter- Limit Ano. 1748. that is April the 5th, 
reckoned from the beginning of March inclufively, the Sunday 
following is Eaſter day. t when the Epact is 28 or 29, 
it muſt be ſubtracted from 77, that ſo the limit may remain. 
And the next following Sunday after the limit is always 
Eaſter-Sunday- Therefore Sunday the 10th of April, is Eaſter- 


Sunday. 
Examgl. 


% 


Chap. III. 


Leap-Year there are two Dominical-Let- | 


Leap-Year having two Dominical-Letters, its the 


28 


F F 2828 


ct 


Seck. I. Julien Calendar. - 49- 
Example. 1 demand Eafter-Limit, _—_—_— 
_” 


de — from—45 ö 


The remainder © 36 is Eafter-Limit from.the 16 of 
March, which is, Gr 51 GE TAS ey Go yore 3248. 


| Prob. VI. To find E Eaſter- day for any 
| Definition. Eaſter-Day, t . 
the 24th day of the Pata Now Moon, 0 


Note, Eaſter-Day is not leſs than 22 days, nor more than $6 
days from the 1it of March: : 


The rule, 1- Find the Daminical Later by Pro. 4. 

2. And Eaſter-Limit by the laſt problem. 57 
The letter more by 4 from limit take; 

What's left from neareſt 7 ſhall Eaſter make. 


Examp. Tous 1748, | demand Eaſter-Day ? 
The operation. 


Dominical letter (by Prob. 4 is CB) or B 3 2 
To it add — — — 3 4 


- 


OO Aer bt eee er 
Which ſubtraRt from Eaſter-Limit (ound by Prob 5) 36 


Which ſubtraQt from neareſt 78 — „ 
Remainder is 


Which added to Eaſter-Limit, —— — 36 
That is 41 days from the 1ſt of March, 41 


Days, — ——— 1748, on April the IOth. . 


Prob. VIL To find the moon's age. 


Definition. The moon's age is how many days are paſt Gince 


| the day of her change, which age never exceeds 30 days. 


atone Fins the epett by Prob. 2. 
D 2. To 


2. To the epatt add the day of the month, and the number 


of the month ; the ſum if it exceeds not 30, is her age, but if 
it doth, ſubtraft 30 fo oft as you can, and the remainder is her 


* Note, The number of the months are theſe 


2 wh _— April, May, June, 
July, Augut, September, KS N December, 


10, 


The epaRt (by rb, 2) for the year 1748 i — 1 | 
Month of -the year Auguſt — 6 
The day of the month Augud — — 


The ſum i — — — 39 days 
Cr — — 3 . 
is the moon's age re 


| 


Prob. VIII. To fd the mon fouthing: 


Definition The Moon's Southing; 
or upon the meridian; which from the — 
after noon,” but from the full to the change; is before noon. 
2 Maag „ the laſt Problem. 

2. Multiply her age by 3, and the product ; 
tis hours, and the remainder is ſo — — 
of an hour, and both is her ſouthi 
2 The aad of Auguſt, 1748; I demand the moon's 
ü ug. 


The operation. 


. | 
Prob. IX. Tofind the time full ſea, r * 
ee. GAR. 
2 To 


Chap. II 


is the time of her 2 | 


Pe 
eq 
ot 
fo 
li 
i 
to 
ne 
of 
li 
C6 


28 


: add the point — nicking 
L and x day) for the place propoſed ; the 
5 


mater. 
the compaſs making full ſea on the full 
r enn the Mari- 


77 een 
1743, —— —— 7h. iam. aſternoon· 
To it e 1 


The n u the kana of bigh-water Lob. 14n 12m. aternovn- 


S n. uf of the plain-<bajty or pk | 

requifite to underſtand the Plain-Chart before the caſes 
ED SEED much to the urider- 
— oh fg et he 


b er diſtance of ay 8 
from whence its n 
ing in go degrees, the greateſt latitude. 

— 4 is on that ſide of the equator towards the 
A ee 

of Latitude, is the breadth or ek diftence 
parallels of latitude; and ſheweth how far ohe place 
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of latitude, and enereaſing to the eaſbward ti it dd in 360 de- 


_ the ruler. 


— —— - 
— — — __—  —— 
p . 
6 — 
* hy \ th E 


* 5 


9 Longitude (in the Plain Char) is reckoned-on.any parallel 


grees the eſt longitude. 

10- Di of Longitude, Meridional Diſtance, Depar- 
ture from the Meridian, ſignify (in the Plain Chart) one and the 
ſame thing; and is the neareſt diſtance of any two meridians z it 
ſheweth — 
another. : 


. uſe of the plata chart, 


Problem 1. 7 the latitude ahve is the hint. 
Rule 1. DN phony — foro to any paral- 


lel, or eaſt, and weſt line. 
2. Lay the diſtance on the graduated meridian, ſetting one 


and turning 
foot of the compaſſes in the ſaid parallel, from ie; "the la 


foot the ſame way, . row 


ſheweth the latitude req 
Example. n nr ke in? 
1. Take the neareſt diſtance from the Lizas to ay parallel 
of ind well on | 
* n ee e ee meridian) from the 
ſaid and the moveable foot ſheweth 50 degrees the lati- 


. tude of the Lizard; and it is north latitude; — Borth- 


ward of the equator : do ſo for any other place. 


Prob. 2. Toffad th cure e beating of one par from cur. 


The mien thaw: 


1 * Ln mie on the two places given; es cnt 
diſtance from the center of any 


2. Slide the compaſles, (being 
foot cloſe to the ruler, and the other foot perpendicular to it; 
in ſo doing the perpendicular foot points out (among the romb-- 


lines) the n 
| I demand the courſe from the Lizard in England, 


2 


= nd Barbadoes. 


1. Laying a ruler's edge on the Lizard and 
the neareſt di 


take 


2. Slide the compelies along 


the ruler,” 
foot perpendicular to it, and i 


wel among the rombs 


Tyr © 


compaſs to the ruler” > 
Thar cance} wh cor 


” SO Eh B ge ogy = 


Barbadoes, 
e 


© 2 


the 


Pr 
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the courſe to be SW. W. neareſt, from the Lizard to the iſland 


Barbadoes, the oppolite paint (. N. E. I E. is the courſe from 
J ͤ Lizard. oO 


Prob. 3. Te fd the ahi one place fro . 


The rule. Extend the es from one place'to another. 

Mleaſure that diſtance on à ſcale of leagues, * A 
ated meridian; the firſt ſheweth the diſtance in leagues; 
latter in . This is fo eaſy, * 


problem 70 the meridional di departure between 
| r 


The rule 4, Take the neareſt diſtance from one of the given 

places, to any meridian. © 
. The e r 
perpendicular till you bring both feet of 
the compaſſes into the parallel of the other place, there ſtay the 
foot to the other. 


3- The diftince from the perpendicular 
„ being n 
oy 


giveth the Meridional Diſtance - 
oxy. 1 demdnd the meridional ciilance between the Lizard 
c Finiſterre? | | 
ake the neareſt diſtance from the Lizard to a meridional 
4 fide the compaſſes with one foot on it, "and the other per- 
pendicular, till both feet come to the parallel of Cape Finiſterre. 
2. Then the diſtance from the perpendicular foot, to Cape 
Finiſterre, being meaſured on the meridian, is 3 degrees, 13 
minutes, or oC longnes- bs this meridional diſtance, and ſheweth . 


Cape G 
the Lizard. 


Prob. 5. The latitude «i © in, and 8 
1 : ee 


4 a 3 — 3 They 


J. Then move both pair of compaſſes cular, one on 
the meridian, the other on the parallel, "all both ndicular 


I 3s CH the Chart re enting the 


place requi | 
SeQ. III. Plain gn applied in plain- ſailing. 


Avigation, is the guiding or directing a ſhip 
N (through the occan) from one place to another 3 
ir $ e divided into two generals ; domeſtick arid remote. 

2. Domeſt ick or home navigation, is coaſting or ſailing along 
ſhore; in which the Mariners Compaſs, and Lead, are the 
chief ;nſtruments. 

. Romote (which more properly bears the name of naviga- 
tion) i is the conducting a ſhip to any port, and the finding what 
latitude or longitude the is in at any time; in the practice of 
which, the —— have theſe helps, the Compaſs, the Log, 
and the latitude. 

4. The Compaſs is a circle divided into 4 quadrants, q; 
or principal points; caſt, oo — and ſouth each quarter 
on 8 equal partes being 32 rhombs or pointy, as in 

igure 16. of Plate 2. 'S that ry Lats by the compaſs (well 
— and duly rectiſied) is known how, or which way the ſhip 
fail to a ſmall matte. 

5- The Log-Line (truly marked, or ſome other good | way) 

is the inſtrument whereby the Mariners meaſure the ſhip's dif- 
2 -"_ in Minutes, Miles, or leagues, every hour, watch 


. Each knot in the Leg-Line ought to be 30 feet from 
each other, and not 42 feet or 7 fathom; an error too frequent 
among the Engliſh Navigators, and long ſince refuted by Mr. 
Norwood, in his Seaman's practice. 

Alſo the Half Minute Glaſs, uſed with the Log-Line, ought 
to be truly 3 feconde of time and not 25 or 26 ſeconds, as too 
many which are ſo ca 

6. The Third Help, is the knowledge of the latitude from 
whence he ſails, to "which he is bound, and where the ſhip is at 
any time ; this is yy by Celeſtial Obſervation (at ſea with 
1 A meridional 


bes ep any wp Gel her adi ktiown, the 

ey wt comes td kijow- at fly time, Where he is, _ 
eee which w 

what paiar dF + corfpaſs fie is th Nett; akd all this 

nometry, in three kinds, vi. 


203 gg. rage; = 


820 


* 


Sect. III. Plain Sailing. 56 
Plain-Sailing, Wright's-Sailing, and Circle-Sailing;; as ſhall 
rea EE firſt of Plain-Sailing, in which take 


theſe Five Rules following. a 

Rule, 1. That 20 being equal to 60 miles or minutes, 
is alſo to one of latitude. 

But Note, One of theſe miles or minutes containeth 6000 
feet, and its greater than a Statute or common mile, which is 
but $00o feet ; of which about 695 miles make a degree; 
whereas in the practice of Navigation, 60 are counted to a de- 
gree on the meridian, or any great circle. 

2. General rule, To find the difference of latitude, when the 


The ln both} Nont f. 2 = Guth 3 —_—_— finds 


the difference of latitude. | 
3- General rule, To find the latitude the ſhip is in, _— 


latitude failed from, and the difference of latitude is gi ven; for 
this are the two following caſes. 


Caſe 1 
1 . 


Caſe Il. 


North) , .- South 

In J South latitude, failing to the South ? card the 
latitude decreaſeth, ſubtract. 
And here Note, When the latitude decreaſeth, and the diffe- 
rence of latitude is greater than the latitude failed from, the 
{ip hath croſſed the equator, and changed her latitude; either 
from north into ſouth, or ſouth into north. 
4- General rule, D ons gre of every pine 


triangle, is equal to 16 points of the 


| Note, oy: divided into FO 


t. In a Right-An Triage, rling F courſe in 
which are fix 2· In 


= 
& © 


2. In a Right-Angle Triangle, relating to feveial conſis er 


led: a Traverſe. 
In an Oblique Triangle, in which are but four caſes, tho? 


mu titude of various queſtions. 
The Firſt Part of Plain Sailing 1s contained in the fix Prob- 
lems or Caſes following 


Prob. or Caſe 1. Courſe and diſtance ſailed given ; ie fod the dif- 


ference & latitude and the departure from the merid ian. 


Example. Admit a ſhip runs 496 minutes SW by W. from 
the Lizard in od. oom. north latituge : I demand the latitude 
ſhe is in, and how far ſhe. is departed from the meridian ? 

Obſerve, That in all Problems of Navigation, make the up- 

end of the book or ſlate to be the north; then the right- 
whe den hp and the left-hand the weſt, and the lower end 
js the ſouth - then, 


i To delineate the Problem by the Plain-Scale. 


1. Draw the meridian AB (Plate 2. Fig. 9.) towards the right- . 


hand, when the courſe is weſterly, but when eaſterly towards 
the left-hand / and pit A at the upper end when the courſe is 
ſoutherly, but at the lower end when its 

2. With a chord of 60 and one foot on 1 A, deſcribe 
an a on that arch lay 5 rhombs (becauſe SW by W is 5 
points from the ſourh) taken from the ſcale of rombs, and by 
it draw a line AC. 

3- From 77 & Scale of equal Parts, take the diſtance run 496 
minutes, and lay it from A to C; then A repreſents the place 
ſailed 82 C2 the place the ſhip i is come to. 

4. From C let fall the perpendicular CB, to cut the meridian 
in B, and its done. Then, meaſure AB and BC on the ſame 
Scale of equal Parts, that AC was taken from, will ſhew how 
much the difference of latitude, and departure from the meridi- 

an is, by the Plain Scale. 
* Theſe directions, with the following explination, being well 
conſidered, will ſhew how to delineate and anfwer any of the 
ſix Caſes pf Plain Sailing by the Plain Scale: therefore I omit 
the delineations in the five llowing caſes ; having given ſuffi- 
cient directions to make any rectangle 13 in Prob. 


2 22 of Practical . and fuch are all the 


in this part of CATE 


= twmr2> trot 2 


be 
y 
th 
PC 
pe 


| * 


ect. III. 


e e 


* work the 


ABC Pin Fig.) be made 
„ 5 


* The hypotenuſe AC ( (repreſents th point of the compa 
Se} ered, an) the ſhip's diſtance 
r meridian) that is the north or ſouth 
* of 22 the * — of latitude. 
The leg BC (the eaſt and point of the compaſs and 
2 of 2 the departure from the meridian. F 
4 The angle BAC (the angle) of the ſhip's courſe. 


+” The angle ACB (the ange of) — of the ſhip's 


Note, The angle that the point of the compaſs ſteered by (or 
upon) maketh with the meridian, or north, and ſouth point of 
the n is called the Angle of the Ship's Courſe, and the 
angle it maketh with the eaſt, or weſt point, is the complement 


of the courſe. 


The courſe in this Example being SW by W. is 5 points 
n and makes 536d. 15m. The Com- 


plement of the points ; that is 3 m. as may be 
ſeen in the table, . A Table of the An which every 


Romb (or Point of the Compaſs) maketh with the Meridian, 
the end of this book. 


The things thus explained, On ggaetne 5 Chapter 2. 
Section 2. DS x. and Caſe 1. of P Right Angle-Triangles 
may be as follows. | | 

For the difference of latitude, three ways, thus ; 


Radius | S. c. courſe 
Sec. courſe + tance: Radius „diff. lat. 


T. e. courſe 
l 


By Gunter”s Scale, thus, 


Radius Popes. = f. c. courſe · difference latitude ſ. 8. 
oints *- 496 min.: 3 ts min. 275-6 tenths. 

Latitude ſailed from you — — a —— god. oom. north. 
The diff. of latitude min. 275-6 or — cad. 36m- 


. latitude the ſhip is in 48d. 24m. north. 


Sec.c.courſe 
All theſe three pro 


Radius | 
Sec. caurſe . diſtance: JT. cours 
dec. c. courſe ) 


53 Plain Sailing, the ef Port. Chap. Bl 
The firft of theſe by Gunter Scale, thus; 


Radius · diſtance :: S. conrſe · depart. from the meridian. S. 
points + 496 min. :: S. 5 points. minutes 412-4 tehths. 

So that the re from the meridian is minutes 412.4 
tenths, which makes 6d. 52m. meridian diftance weft, 


Mikes Of « ooh hoe latitude given ; to 
| If a N. 1d. 453m. north 


in 2d. 
Plate 


v2. Fig 


S. 3 points 275 min.:: &. 8 points. 
2. For the 5 # 

S. c. courſe diff. lat.:: & courſe - - departure. 

S. 3 points = 275 min. :: S. 5 points - 412 minutes: or 6d. 2m- 

eaſting; that is, the ſhip is fo much to the eaſtward of the 

meridian of the place ſhe ſailed from. 


Problem or Caſe 3. Courſe and from the meridian 
given ; te find the diſtance and difference of latitude. 

Example. If a ſhip ſails NE by E. for a port in 3d- 15m. ſouth 
latitude, until I Ie 1 


her diſtance, and what latitude the is in? Plate 2. Fig 11. 
This u Ns, pen 


be this. 
85 2 a 85 1 
points 412 min. :: ts 
; —— — a 


8. courſe + „ 


S. 5 points - Ata min. :: S 3 points — 275 minutes, which 


rom. fouth latitude, 


| 
t 
— 


g 


22 


the latitude the flip ts in, 25 
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being duced is 4 degrees 35 — by 1 


Latitude failed from is — = 
Difference of latitude is 275 min. or 


Subtract, giveth latitude the ſhip is in 1d. 20m. north 
Prod. or Cafe 4. Ds ance, and differtice of latitude given; to 
thy courſe and departure. 
n Suppoſe a ſhip ſails 496 min. between the ſouth and 
from a pdiit in 24. 4B ſouth latitude , and then by 
re dies Jeurlnt 23m. ſouth latitude: what courſe hath the 
ſteered, and what 3 hath ſhe made ? Plate 2. Fig. t2. 
This triangle may be made by Prob. tr of Geometry. 
By the two latitudes mentioned in this Example, find the dif 
ference of latitude, as followeth, | 
Latitude ſailed from is — - 2d. 48m. ſouth 
Latitude by obſervation, is 
Subtract, gives the diff. of lat. 49. 35m. or275m. 
, Por the courſe, the proportion is, 
Diftance · div $7 I % * 
496 min. 275 min. S. 336 
Which L A RIP C64. 20m. is 
courſe, s or SW by W. for 


ſhip's courſe. 
2d, The proper tion for the departure i ir, 
Redi - diflence = S courſe departure. 
S8. god. 496 min. :: S. $6d. 20m. © 412 minutes. 


Prod. or Caſe 5. 12 pe goo ; ; to find the courſe 
it 
Example. Admit a ſhip ſails 496 minutes between the north 
and the weſt, from the i of Bermudas, in latitude 32d. 30m. 
north, until her departure js 412 minutes; what courſe hath 
ſhe ſteered ? and what is ſhe in? Plate 2, Fig. 13- 
This triangle may be made by Prob. 11. of Geometry. 
1/t, For the caur/e take this proportion. 
Diſtance - * radius z departure » Sc. cqurſe. 
eden T2 oy e Gr 
is 5 points, w es to 
2d, For the difference of latitude. "7 
ius diſtance :: S. courſe — of latitude 8. god. - 
min. 28. 336. 40m. 275 min. or 4d. 35m. 
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Latitude failed from — — 
Difference of latitude 275 minutes, or 
Latitude hip @ in ——3 ; 05 north 


Prob. or Caſe 6. Difference of latitude and departure given ; ts 
ws © find the courſe and diflance. 


Example. If a ſhip's ſouthings be 275 minutes, and her eaſt- 
ing 412 minutes, what is her courſe and diſtance ? Plate 2. Fig. 
14. This triang 5 N by Prob. 13. of Geometry. 

1/t, For the courſe take this proportion. 

Diff. lat. ture :: radius -- T. courſe | 

275 min. . 412 min. :: T. 45d. T. 56d. 17m- ſouth eaſterly, 
or 5 points, which makes the courſe to be SE by E. neareſt. 

2d, For the diſtance this proportion. 

S. courſe .. departure :: radius . diſtance, 

S. 56d. 17m. .. 412 min. :: S. god. .. 495 min, 

Theſe fix preceding Problems are the common caſe of Plain 
Sailing; which the learner ought to be well acquainted with ; 
and for that end I here add ſix more for practice, whoſe an- 
ſwers may be found by the f ing rules ; | 

Quefft. 1. A Ship in ad. rom. South Latitude fails N. by E. 

Leagues: What Latitude is ſne in? and what is her departure? 

Anſw. Latitude 2d. 12m. north, and departure leagues 17 
ard 35 parts of a hundred. r 
Que ft. 2. A Ship failing SSW from a Port in 41d. 3zom. north 
Latitude; and then by obſervation, the Ship: is in 36d. 57m, 
north Latitude : I demand the diſtance-run, and departure ? 


Anſw. Diſtance run, 98 leagues 5 tenths, departure leagues 
376 tenths. 


Quel. 3. A Ship fails SSW half W from ad. 3om. ſouth lati- 
tude until the departure be 59 Leagues: I demand her diſtance 
run, and the latitude ſhe is in ? 3 
Anfw. Diſtance run 125 les latitude 8d. orm. ſouth. 
hy bb ng —_ * ſouth weſtward, from 21d, 
gm. itude, until (by obſervation) the be in 49m. 
— latitude: what is her 4 and de re. n 
Anſw. Courſe is SW by W. I W. and departure from the 
meridian is 318 minutes. | 
l. 5. Suppoſe a Ship ſaileth 354 min. north eaſtward ; 
from ad. gm: ſouth latitude, until her departure be 150 min 
What is her courſe, and latitude ſhe is in? 
Anſw. 


>& 


7% 
MO + 


122 


5 


2 L 


LA Þ 


5 
8 Þ 


1 127, 218 


gect. V. Plain Sailing, the ſetond Part. 61 
Anfw. Courſe is NNE. £ eaſt neareſt, and latitude the ſhip is 
in, is 3d- 8m. north. _ 

e 
in 1d. 9m. ſouth latitude, and then arriving at another port in 
3d. o8m. north latitude, which 1s 209 min. to the weſtward of 
E nn and diſtance from the firſt 


port to ond ? 
Anſw. Courſe is NW by N. and diſtance of the ports 351m. 


| or leagues 1233- 88 
1 So much for the firſt part of Plain-Sailing, Traverſe is next in 


SeQt. IV. Plain-Sailing, the ſecond part; ſhewing bow to reſolve 
a traverſe or bring ſeveral courſes into one. 


Aving learned thoſe neceſſary Problems concerning a ſingle 
H _ the next in order is a —ů Cray com- 
monly called a Traverſe; in order to the right underſtanding 
thereof, obſerve the following definitions.” 

1. A Traverſe, is when a ſhip (meeting with a contrary 
wind) ſaileth on ſeveral courſes in 24 hours. 

2. To reſolve a Traverſe, is to reduce or bring ſeveral courſes 
into one; the courſes are known by the compaſs, and the diſ- 
tance by the log ; which in common voyages is heaved once 
7 in two hours, but to the Eaſt- Indies every hour. 

. 3. The Log is a piece of board about ſeven inches long, in 
form like a flounder, the head off, and ſo faſtened to a ſmall chord 

1 

„ 


(or line called the Log-Line) at one end, with ſo much lead at 
the other, that when its put into the ſea, it may ſwim upright 
or endwiſe. IRE 
4. The Lain is divided into equal ſpaces, called Knots, 
by ſomething faſtened to it at every 50 feet diſtance for a knot. 
2 Now the Lag-Line being wound on a Reel, and the Log put into 
the ſea : If the Log-Line be veered out ſo faſt as the ſhip ſails, 
then look how many knots are veered out in half a minute's 
time; juſt ſo many miles or minutes doth the ſhip run in one 
hour- > 
, - One of theſe miles contain 6000 feet, and is greater then 
a Statute or common Mile, that being but 5000 feet ; of which 
e about 694 (on the meridian or any great circle) is a degree; 
but in the practice of Navigation, 60 miles or minutes re 
counted for a degree, therefore I call them minutes. ; 
6. In the Steerage,. or ſome other convenient place of the 
ſhip, hangeth a Table called the Log-Board, divided into 3 
columns ; wherein are written the Hours of the Day, Courſes 


© ſteered, 


. 


Plain Sailing, the ſerend Pari, Chap. III. 
Knots, c. veersd out; and laſtly the Winds; - as in 
the table following. 5 . 
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reſolving a Traverſe, and to lay it down 
take the four following rules, which grve 
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Sect. W. Plain Sailing, the ſecond Part. _ 
eween each courſe, called the angle between both courſes. 
Rule 1. Two meridians and two parallels ; the leſſer courſe 
ſubtracted from the greater, gives the angle between both courſes: 

Rule 2- Two meridians and one parallel; add both courſes 
— — | 

Rule 3. One meridian and two parellels ; ſubtract the fum 
of both courſes from 16 points. 

Rule 4. One meridian, and 2 8 points, the 
leſſer courſe, and the complement of the greater together; the 
ſum is the ſaid angle. 

Note, 1. North and fouth are called meridians, and eaft and 
weſt are called parallels. | 

2. By the com of the greater courfe, underſtand how 
much it wants of g points- 

3- To know the meridians, and parallels, the firſt and ſecond 
courſes are together, ani the ſecond and third, and 
A Ship being bound to a certain Poet, mecting with 
contrary Winds, fails SE by 8. 67 Minutes; then 8E by 
E 533 then WSW. 45 ; then NE by N. 74; then Weſt 57; and 
then S by E. $3 minutes: I the difference of Latitude. 
from the firſt place departed ? Plate 2. Fig, 15. Y 

1. Set down the ſeveral courſes and diſtances, with the points 
from the meridian, & c. as in the following table, 


'Z| SIe f 
= Fl] >= 
7 Courſes. S 
[<| IHE 
1 444 
|. 5 
2 —. 
| 2 . x — | 
5 2 
16 8 dy 1 


64 Plain Sailing, the ſecond Part. Chap. HL 
2- In the fifth column put the points for laying down ; which 
are found by the four rules foregoing : for the firſt courſe al- 
ways 1s the ſame with the points from the meridian ; for the ſe- 
cond courſe its 14 points, found by comparing the firſt and 
ſecond courſes together, in which are one meridian and. one 
and by the 4th rule it makes 14 points for laying 


wn: again, comparing the ſecond and third courſes it's one 


meridian and two parallels, which by the third Rule makes 
points for laying down : again, the third and fourth cou 
compared, its one meridian and two llels; which, by the 
firſt Rule makes 3 points for laying down; and fo for the reſt 
as in the foregoing table. | 

3- By theſe points for laying down, its eaſy to delineate the 
na as you ſee in Plate 2. Fig- 15- which is thus, 

Firſt, Draw the meridian AB, and on A draw an arch, with 
the chord of 60 degrees, on which arch lay three points ; by it 
draw SE by S. line, laying thereon (from A) 67 minutes, the 
' diſtance run SE by 8. 

Secondly, With a Chord of 60 Degrees, and one foot at the 
end of the SE by S. line, draw an arch, on which lay 2 

lay it 


that is, take 7 Robs from the Scale of Rombs, 
twice on the ſaid arch; by it and the end of the by 8. line, 
draw a SE by E. line, making it 53 minutes long, fo the ſe- 
cond courſe is finiſhed. - | F 
Thirdly, At the end of the SE by E. line, in like manner 
with the chord of 60 degrees, draw an arch, and thereon lay 5 
ints, by which and the end of the SE by E. line draw the 
SW. 45 minutes long. * | by 
Feourthly, After the ſame manner draw the NE by N. line 
74 minutes _ then the weſt line 57 minutes long. And 
then the S by E line 83 minutes long, ending in C, the place 
where the ſhip now is. "1 
Lafily, Draw a line from C to A (the place the ſhip departed 
from) ant from C let fall the perpendicular BC; then is AC 
the ſhips diſtance from the place of departing, AB her difference 
- of latitude; and BC her departure from her firſt meridian, each 
being meaſured on the ſame Scale the other lines were taken 
from, will ſhew how much they are ſeverally, and the angle 
BAC meafured on the Scale of Chords or Rombs, ſhews her 
courſe. . 
4 Then by Problem 1. Section 4- of this Chap. find the dif- 
ference of latitude and departure from the meridian ; for 
thoſe courſes and diſtances feverally ; that is, by the firſt Cafe 
of plain Sailing, having the courſe and diſtance run given ; 
to the difference of latitude, and the departure from the 
| | merid1an 
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lumn 183. 7 the remainder 122. 2 is the difference of * e 
Southerly: and the ſum of the Weſt Column 98. 6, ſubtracted 
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meridian ; and that for each given courſe; which place in their 
proper columns, thus : if the courſe be north eaſterly, put the 
difference of latitude, in the north column under (North :) and 
the departure in the eaſt column under (Eaft) : if the courſe he 
ſouth eaſterly, then put the difference of latitude in the ſouth 
cones and the departure in the eaſt column ; if ſouth weſter- 

then in the ſouth and weſt columns; and if north veſterly, 
a! in the north and weſt columns. 

As for example. The firſt courſe. in the f ing traverſe i is 
SE by S. that is, ſouth eaſterly ; the difference ”7 latitude 
minutes 55- 7, place in the ſout * and the departure 
minutes 37. 2, put in the eaſt column; as in the t table tor ſorego- 

: like obſerve for all the reſt. 
Mate, When the caurſe is E, W, N, or S. the a fail'd, 
ce in the eaſt, weſt, north, or ſouth columns, as here 
the fifth courſe is welt the diſtance 57 minutes is placed in the 
weſt column ; as you ſee above in the Table. n 

5. Having found the difference of latitude and departure 
from the meridian for each Courſe, and placed them in their 

per columns; add up the North, South. Eaſt, and Wel wt 
2 and ſubtract 1 North and South columns, the, 
from the other, that is, the leaſt from the greateſt, for t 
difference of latitude ; in like manner, the Eaſt and Weſt Cal. a 
for the departure: as in the foregoing table, the ſum of *. 5 
North Column 61. 5 ſubtract from the ſum of the South 


from the = of the Eaſt Column 138. 7, the remainder 40. 1, 
is the departure from the meridian eaſterly. 

6. Then having found the difference of latitude, and, d 
ture from the meridian, the courſe and diſtance may be 2 
by Problem 6. Section 3. of this Chap. And in this example 
the difference of latitude being minutes 122. 2 Southerly, and 
the departure minutes 40 I. erly, the courſe will be ſouth 
18d. rom. eaſterly ; that is, S by E. E almoſt, and the diſ- 
tance minutes 128. 7 which was required. 

After this manner you may work any Traverſe; and for the 
learner's practice, I ſubjoin the following examples. 

N 2. Suppoſe in 24 Hours a ys apo as followeth, 
SW by 82. minutes, S 33, NNW. + W. 32, SW, 30 SE, 

9, and ES Minutes : W hat is her difference of tatitude, 


parton from the Meridian, dire& courſe and diſtance. 


Hn/. Difference of Latitude Minutes $7.9 4 ſoutherly "4 pI 
minutes 42.9 weſterly, courſe is ſouth 32d. 13m. w eſter ly, oc ; 


SW by 8. neareſt, ſtance minutes 80.3 tenths. *' 


Example, 3. If a Ship faileth by the Log-Poard in 24 Hours 
as follows, NNE. $3 Min. SW. 2 E by 1 92. NNW. Fw 
by 


A 


Preblem 1. Suppeſe two ports lie north and ſauth, and a ſhip 
t 


- 
* 


SW by S. W. 7. NW 
* min. I demand her difference of latitude, departure, 


- 
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S by W. 47, and NE by N. 78 minutes: what is her difference 
of latitude, departure, direct courſe, and+diſtance run? 

Anſw. Difference of latitude minutes 141. 6 northerly depar- 
ture 55.6 eaſterly, courſe is north 22d. 25m. eaſterly, or NNE. 


diſtance minutes 152.5. 
Example 4. If a ſhip ſaileth W by 8. 87 min. N 46, SSE. 
75, E 83, NW by W 79, NE by E 57, and NW by N 64 min. 


F demand her difference of latitude, departure, direct courſe, 


and diſtance run? 


Anfſw. The difference of latitude minutes 88.6 northerly, 
departure minutes 27.5 weſterly, courſe 1s north 17d. 15m. 
weſterly, or N by W. 4 W. neareſt, diſtance 93 minutes. 

nr 5. A hip ſaileth as followeth, NNE. 55 min. NW 
W 96, 5 by E. 4 E. 57, WSW. ; W. 89, NE by N; E. 100. 


SW by W. Z W. 54. and N by E. 5om. what is her di 


of latitude, departure, direct courſe, and diſtance run? 
Anſw. Difference of latitude min. 131. 8 northerly, depar- 


ture minutes 92. 1 weſterly, courſe 34d. 56m. north weſterly, 
or NW by N. neareſt, and diſtance 161 minutes. 


Example 6. A ſhip in 46d. 24m. ſouth latitude faileth by the 
log-boardin 24 hours SE. 8 min. SW by W. 1 W.6NE by E. 5. 
WNW. I W. 9, NW. 4, ESE. 4 E. 3, S8 by E. 7. NNE. ZE 4, 
and E 7 min. what is her difference of latitude, departure, di- 


rekt courſe, diſtance run, and latitude ſhe is in? 


Anſw. Difference of latitude min. 4. 62 ſoutherly departure 


min. 6. 17 eaſterly, courſe is ſouth 53d. rom- eaſterly or SE # 
E. diſtance run min. 7. 71, and latitude 46d. agm. fouth. 


Example 7. Admit a ſhip in 1d. 30m. north latitude, fails 
NNE. 6 min. SE by S. + E. irn 
4. E e 


courſe, diſtance run, and what latitude ſhe is in? 


_ - Anſw. Difference of latitude minutes 2.40 ſoutherly depar- 
ture min. 1-59 weſterly, courſe is ſouth 33d. 31m. weſterly, or 
SW by S. diſtance minutes 2. 88 and latitude ſhe is in 1d. 28m. 


Thus much for the ſecond Part of Plain-ſailing, called a Tra- 
verſe, we go on to the uſe of an oblique Triangle in Plain-failing. 


. Sea. V. Plain-ſailing, the third part; or the doctrine of oblique 


angles applied in problems of ſailing by the Plain Chart. 


Ltho” this part of plain-ſailing is the leaſt uſeful, and moſt 
difficult, yet for the learner's diverſion Iaddfome problems. | 


fails from 


northermoſt SE 68 minutes; anather from the 
ſrutbermeft 


; X 
- 
F 


© 
{ 
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NE 5y N. n fbe meet the "1 demand 
the diſtance 1 port, and end Ker 'ſbip” 22 run | 
In the oblique triangle ADE, Plate 3. Fig. . 
the northermoſt 


{a8 


Side 1 142 Bare coſe and face. 


zs plead where the ige meet. 
N and one fide given, and therefore by 


Caſe 1. of Oblique Angles. | 
"For the ie AD ti dance of the raw part the pro- 
* 


ab fide AE + S. AED... fide AD. 
8. 3 Points.. 68 min. :: S. 9 points . min. 120. f tenths. 
Note, When an angle exceeds 8 points, ſu it from 163 
as here, 9 points being ſubtracted from 16, the remiainder 7 
points, is to be uſed in of it. 


$ 2. For the fide DE the ſecond ſhip's s diſtance, the proportion 


"S ADE». de AE = CL. fide DE. 
3 ts .. 68 min. :: ts .- min- 86. a tenths. 
Pellets. ee EN and SW. and a ſhip fails 
from the ſouthermoſt 45 minutes, another from the nor- 
thermoſt runs 72 minutes, and then meets the firſt ſhip; I de- 
1 ; andrhediſtunce of the por? 
In the oblique triangle E, Plate 3. Fig- 2- 
Let A repreſent the fouthermoſ 
D the northermoſt——— 5 Pt. 


Side \ DE the ſeen ſhip's coutſe and diſtance. 


E the place where the ſhips meet. 

Here are two fides and one angle te given; and by 
Chap. 2. Sect. 3. Prob. 6. Caſe 2 and 3. of Oblique-angles- 

1. For the angle ADE the ſecond ſhip's courſe, 2 
on is, 

Side DE .. 8. DAE :: fide AE .. S. ADE. 

72 min. ... $.67d. 3om-:: 45'min +. S. 35d. 15m. which. fub- 
ol fog. BY 45d. makes the courſe gd. 45m- ſouth weſter- 
J. Of 

2. For the ſide AD the diſtance of the two ports, the pro- 
portion is, 

S. DAE - fide DE :: S. AED + fide AD. 

S. 67d. 3om- © 72 min.:: S 776: 15m, * 76 min. in diſt; 
Problem: 3. Two ſhips ſail from a certain read, one fails SSE. 

minutes, the other SSW. 35 minutes. I demand their 

and diſtance ? E 2 _— 


= 


Ss 22 


Sead V. 
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2. For the Gre DAE, 125 , 95 N N 

50 leagyes = S. go. :; = 1 Ia 8 
5 from — * oom. 1 
Reſteth Tas 3 . m. which being 


added to NE makes N eaſterly. 1 07m. or ſouth eaſterly 81d. 
53m. ſo that the courſe from E to A, is W by N.; W. back to 


the place firſt failed from. Aud again; hypotenuſe DE - ra- 


Reſteth angle 1 1 . | 
þ acc ſubtraQ from the ſouth Kr 81d. 53m. 4 
54. ens E neareſt for the ſecond ſhip's courſe from 


Theſe are the kinds of Oblique . though mattse, 
may be propoſed, of which here followeth a 11 to exerciſe 
the young learner ; of all them to be 2 by the foregoing. 
Problem 5. Su ppaſe a merchant-ſhip in 45d.-30m. North Lati- 

tude, Els into the hands of pyrates, who take away his ſea- 

compaſs ; after which he ſalleth as direQly as he can 67 

leagues between the ſouth and weſt, and at the endof twodeys 

meets a D 

zom · N. Latitude; and bad failed thepce 

leagues ; now the merclant-ſhip left thoſe pyrates 1 to and 

fro where they robbed him, and the man J. war being defirous 
to wry them; Idemand mh courſc he muſt ſhape to ſpeak to 


— Narth 614d. eaſletly, of NE-y E half. Fe 

For this Problem in an Qblique "Triangle, two Sides and 
one angle oppoſite given; to ſiad the aogle oppoſitc to the other 
Side; which triangle is thus magde- 

1. Deſcribe a circle vn AH chard of 60 deg. and quarter it, 
on whoſe diameter ſet N. EAM. and A at thecenter ; but (always) 
N at — we and at the E by F. 118ht band the circle. 

2. Then lay 3 potts from g. to * circle, and draw 
the SE by S — AD: 39 — b 

3- With 67 leagues; and ;one 12 o who the other 
croſs the line WAE 22 to the ęaſl C, the place 
where the ſhip fell i in with thoſe Prrstes. 0 

4. Then a line being drawn from © ET it's done: for A 
and Q are bath in the latitude of 459. zom. ad AD repreſents . 
the. man of war's courſe and diſtance, and CD the merchant- 
mas after he his compals ; ſo that the angle ACD being 
meaſured on the of Gow, wal will ſhe her courſe new 
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the weft towards the ſouth, the oppoſite point is the man of war's 
courſe north eaſterly, to find thoſe pyrates. 
Problem 6. Coaſting along ſhore, I fee two 
"firſt did (by the compaſs) bear N. the ſecond WNW. then I 
ſtood away NW by N 9 minutes, until the firſt beared from 
me E. by 8. L S. by E. the bearing and diſtance 
> them is required. 

i 8d. 05m. weſterly or 8. W. by S. half W. and 
* N. half E E. neareſt, diſtance 1 18 minutes 6.22 parts of a 
r 

Note, In all queſtions of this nature, you muſt, as a prepara 
tive work, aud the diſtance of each cape from the ſhip at firſ 
| ſeeing them, or at laſt ſetting them; which js evident by the 
projection, chus, 

I. Having drawn a circle, quartered it, and placed the 
letters N, 8, 5 E. W, and A: as direRed in the laſt Prob. produce 
* up higher, becauſe the firſt bearin W is north. 

y 6 points from N. towards and draw the WNW. 
line from the ſecond cape's bearing. 

3: Lay 3 Soup tes N towards W, and draw the NW by 
N. line 9 minutes long, from A te D, the ſhip's courſe, and 
diſtance. 

4 Then lay 7 points from 8. towards E, and laying a ſcale on 
it 4x 4227 an E. by S. line from D. parallel, to the edge 
of the ſcale, to cut the north line in B. the firſt cape. 

In like manner, lay 1 point from S. towards E, and lay a 
4. on it and A, draw a S. by E. line from D. parallel to the 
edge of the ſcale, to cut the WNW. line in C. the ſecond 

6. Draw a line from B to C. and it's done: for the line B. 
CT repreſents the bearing and diftince of the two capes from 
each other, which being meaſured on the ſame ſcale AD. was 
taken from, will ſhew their diſtance aſunder. And the angle 
ABC meaſured on any Scale of Chords, will ſhew their bearing 
to the ſouth w Les north eaſterly. 
But to find theſe by Trigonometry it's to find 
the fides AB and"AC; or elſe the ſides DB and DC; which is 

done in two oblique e triangles ABD, and ACD, in each all the 
oc ptr yt is ven, to find a fide. 

And Note, A repreſents the place of the ſhip at firſt freing 

capes, and D the place at laſt ſetting thein. 

So that, when the fides AB and or DB and DC are 
found z then is there either the oblique triangle ABC or BDC 
to work in; then BC (the fide — to both triangles) 
with its agreeing angles may be found, by which their bear- 
ing 2 and diſtance” from each other is diſcovered ; and in each 

| triangle 
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triangle there is two ſides and one angle between them given; 
to find the other angles and third fide ; which is to be wrought 
as the third Problem of this Section. 


Problem 7. Suppoſe a ſhip failing NW. two iſlands appear in 


ſight, one bears WNW. the other N. fromthe ſhip, and when 
the ſhip hath failed 6 minutes further, the firſt bears Ac S. 
aired. 


and the other NE. Their bearing and diſtance is r . 
Anfw. South 58d. 46m. weſterly, or SW by W. + and 
NE. by E. ; E. diſtance is minutes 9. 7 tenths. found out as be- 
fore in the laſt . 
Problem 8. Three ſhips ſail from one gout the firſt ſails SW by 
W. the ſecond W. by S. 1 W. and the third NW. by W. 8 
minutes; then the firſt bears from the third S. by W. the ſe- 
cond bears from the third SSE. The firſt and ſecond ſhip's 
diſtance failed, and their bearing and diſtance from each 


other 1s required. 

Anſw. Firſt ſhip's diſtance minutes 10.45- ſecond's diſtance 
minutes 4-65. their bearing north 37d. 14m. eaſterly, or NE. 
by N E. and SW by 8 W diſtance minutes 6.75. This alſo 


is wrought by the direction of the 6th problem. 

Problem 9. Admit failing along ſhore I ſee two head-lands, the 
eaſtermoſt bears NNE. and the weſtermoſt NW. off me, at 
the ſame time an iſland bears S. then after I failed W 8 mi- 
nutes the firſt did bear NE. by E E. the ſecond NNE. and 
the iſland ESE. from me: the bearing and diſtance of theſe 
places from each other are required ? 

Anſw. The head-lands bear north 88d. 53m. weſterly or 
eaſt and weſt neareſt, diſtance minutes 7.95. 'The eaſtermoſt 
headland bears from the iſland north 14d. 30m. E. or N. by E- 7 
E. and S. by W. 2 W. diſtance minutes 9.15. and the weſter- 


moſt head- land bears from the iſland north 32d. 15m. weſt, or 


NW. by N. and SE. by S. diſtance, minutes 10-6 tenths. 

This is of the ſame nature with the fixth Problem, ay 
there are three things to be found as preparative, viz. the diſ- 
tance of each head-land and the i from the ſhip, and con- 
ſequently in three triangles both in the preparative, and ſub- 
ſequent work, at. xe are made, which makes up nine ſe- 
veral ſtatings to reſolve this Problem. | 

The next 4 Problems are uſed in turning to windward. 
Problem 10. Suppoſe the wind ſouth, and a ſhip is bound to a 
port 400 leagues directly to windward, and makes her way 
good within 63 of the wind: I demand her diſtance failed 
ppon each tack, to gain the ſaid port? 


E 4 Anſw. 


72 


For its thus projected by the Plain Scale. | 
1. Deſcribe a circle with the chord of 60 degrees, quarter it 
and place N. S. E. W. and A, as directed in Prob. 
2- Lay 460 leagues on the meridian, from A, 
B. the place the ſhip is bound unto. 

3. From S lay 61 points towards E, and by it from A, draw 
the ESE ZE line AC. 


it and A, draw a WSW W. line from B, paral 


the ſhip tackt, and it's done: ; - 

Fox A repreſents the place the ſhip fails from, B the port 400 
leagues directly to windward, AC equal to CB, the ſhip's diſ- 
tance ſailed on each tack; which being meaſured on the fame 
Scale AB was taken from, will ſhew how much it is. 

But to work it by Trigonometry, in the oblique triangle 
ABC, all the angles and one fide AB being given, the other 
ſides AC and CB are found as in the Firſt problem of this Sec- 
tion.: and becauſe two angles are equal, the fides oppoſite. to 


Problem 11. The wind SW. and a ſhip plying to windward, 
(making one or many boards) having run goo leagues; that 
is, 450 with the larboard-tack aboard, and 450 with her ſtar- 
board-tack aboard, it got 300 leagues directiy to wind-ward : 
] demand how near the wind ſhe makes her way? th 
Anſw. 70d. 32m- or 6 £. points from the wind. Which is 

thus delineated by the Plain Lale. y ; 

1. A circle being deicribed, quartered, and lettered, as hath 
been directed in the former Problems: then lay 4 points from 

S towards W. and by it and A, draw a (S. W.) line 300 leagues 

long from A to 83. | | 

2. With 450 leagues (taken from the fame Scale AB ſwas 
taken from) and one foot on A, make an arch; alſo with the 

ſame, and one foot on B. croſs the former arch in C. 

3. From C draw lines to A and B, and it's done: for the an- 
gle BAC equal to the angle ABC meaſured on any Scale of 

Chords, ſheweth how near the wind the ſhip makes her way. 

But by Trigonometry, thus; in the triangle ABC all three 
ſides are gIven, o find the angles, which may be done by the 
urth Prob. of this Se&. Otherwiſe thus; becauſe A C and 


C are equal; wherefore let fall a perpendiculat from C to the 
S.W. line AB, as AD; which cuts in the middle, making 
AD 150 leagues equal to BD, and fo reduce the oblique trian- 
gle ABC into two equal right-angled triangles, . AD and BDC: 

i | ' | + et cio | , i» -:: Whoſe 
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Anſw- $435 legs is the thiþ's Gente failed on ech tek. 


Godtherly) to 


4 Alſo lay 63 points from S towards W, and laying a Seal 
of the Scale, to cut the ZE. line in C, the place where - 


them are alſo equa! ; therefore one proportion finds AC and CB. 


CTY 
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. one - 
= fo that one ſervetly to anſwer the 
For in the right-an n 
i tenuſe AC 450 leagues, and leg AD 150 leagues; to the 
5 angle CAD which is equal to the ange CBD (the ſhip's eourſe 
from the wind) which is done by Ax 1. of Plain Trigeno- 
p metry, thus, 
Hypot. AC - Radius :: leg A. S. ACD= BCD 


I 450 Leag· S. got .: 150 Eeag, S. rgd. 28m. 
Which ſubtract from — — god, oom. 


Remainder is the angle CAB =ABC 70d. 32m. or 64 pts i 
ſhip's courſe from the wind SW, 
| Problem 12. Admit a ſhip bound to a port that lieth SW by S. 
diſtance, the wind S by E. and makes her way 
good within 64 points, of the wind. I demand how far ſhe 
. n * "A 
690 leagnes on her larboard tack, and 32 on 
ſtarboard tack. Thus demonſtrated by the Plain Scale 
1. The circle deſcribed, quartered, &c. as formerly, lay 1 
paine from $ towards E, and by it and Ay dra a 5 by E. line 


AB repreſenting the wind. 
2- From 8 towards W. lay 3 ints, end by is and A draw a 
om A to C. 


SW Sher 484 leagues long 

3. From the wind (S by E) lay 6 points cowards W, and by 
it and A draw a (SW by W. W) line AD. 

4. Likewiſe lay 64 points from the wind (S by E.) towards E, 
on it and A, lay a Scale; then from C drau «(E byS , E) line 
to cut the wind, (S by E.) line in B, and the SW. by W W 

in D. and it's done. aB ee 
* ſailed on each tack, which being meafured on the ſame 
Scale AC was taken from, will ſhew how much the diſtance 
failed on each tack is. | 

By Trigonometry' its thus: in the oblique triangle ACD, all 
the angles and one fide is given; to find the other two” ſides 
which 1 is done by the firſt Problem of this Section, in Page 67. 
As S.ADC + fide AC :: S. ACD fide AD. 


As 32 ints | 21 S. 1 t leagues in the 
diſtance of raps, ret 4 * 
. fide AC:: yy re - fide CD. A 

ts points 28 leagues is the 2 
ance e hart et | 2 
he W S. and NE by N. diſtance 
F the wind'S by E. Wigs. Lib ran che —— 
I — . larboard-tack 
aboard, 


*. 
. 


18 Plain Sailing, the third Part. , Chap. II. 
aboard, and 332 with her ſtarboard-tack and then ar - 
rives at the ſouthermoſt port. I demand how near the wind 

ſhe makes her way good upon each tack. 


Anſw. 70d. 30m. on one tack, and 70d. 40m. on Yother ; 

which is 64 points from the wind? that is SW by W. 1 W. with 

her larboard-tack, and E by S. £ E, with her ſtarboard-tack. 
This done by the Plain-Scale. 

1. Deſcribe a circle with a chord of 60 degrees, quarter it, 
&c. as formerly, then lay 3 points from 8 towards W, and 
it and Adraw a SW by S line 484. minutes long, from A to 

2. Lay 1 point from 8 towards E, and by it and A draw the 
S by E line AC. | 
3. With 6gs minutes (taken from the fame Scale AB was taken 
from) and one foot on A make an arch: alfo with 332 minutes, 
and one foot on B. croſs the former arch in D. 

4- From D draw lines to A and B, and continue the line BD, 
till it cuts the SbyEline AC in C, and it's done: for the an- 
ges DAC, and ACD meaſured on the Scale of Chords or 
Rumbs, will ſhew how near the wind the ſhip makes her way 


on each tack. 8 | 
By T „its thus: In the oblique triangle ABD, all 
*. wht iven, to find the angles that is, AD 695 minutes, 
AB 484, and BD 332; to find the angles BAD, and BDA; 
which is done by the fourth Problem of this Sect. in Pages 68 


and 69. | 
| The next Problems are concerning Currents. 
Problem 14. Suppoſe a current ſets NNE. 7 minutes in a certain 
time, and a ſhip fails SSW, (by the log.) 9 minutes in the 
fame time: what is her true courſe and diſtance ? | 
Anfw.. SSW. is the ſhip's true courſe, and diftance 2 
minutes: which is evident by the Plain Scale, thus; 
1. Having done as formerly as directed, in making a circle 
&c. Lay 2 points from 8 towards W, and by it and A draw a 
SSW. line 9 minutes long from A to B. | 
2- With 7 minutes (taken from the ſame Scale AB was taken 
from) and one foot on B, croſs the line AB in C, ſo that BC 
may be NNE. and it's done: for AC meaſured on the ſame 
Scale ſheweth the ſhip's true diſtance, or thus, 1 
| From the ſhip's ſuppoſed diſtance 88 W. 9 min. AB. 
SubtraQ the current's motion NNE. 7 min. BC. 
Remains the ſhip's true diſtance SSW. 2 min. AC. 
The like is done for the two next following problems. — 
"Problem 


_” | 
Oblique (or the | 
third part of | 

PLAIN) SAILING 


Place this next after Page 7 


* 4 
F'Y * 
* o 


Sec. V. Plain Sailing, the third Part. 

Problem 15- If a current ſets E, 4 min- an hour, ſhip fails E, 
the . minutes in an hour; the ſhip's true courſe and 
tance is required, | 


75 
22 


Jaſu- The ſhip's true courſe is eaſt, diſtance 9 minutes. 


Problem 16. A current ſetting WSW. go minutes is a known 
time, and a ſhips failing ENE (by the log.) 60 minutes in 
*the fame time : what is her true courſe and diſtance ? 


Anſw. WSW. 30 minutes, ſo that ſhe is fallen a tern. 


Problem 17. Suppoſe a current ſetteth E. 2 minutes an hour, 

and a ſhip fails S. 6 minutes an hour: what's her true courſe 

and diſtance ? | | | 

Anfw. South 18d. 26m. eaſterly, or S by E E. is the ſhip's 
true courſe, diſtance- min. 13 


By the Plain Scale it's thus demonſtrated. 


1. After a circle is deſcribed, &c. as formerly, then lay 6 
minutes on the meridian from A to B. | 

2. Draw BC parallel to WAE, and thereon lay 2 minutes 
from B (towards the right-hand) to C. 

3. Then draw a line from A to C, and it's done; for the an- 
gle BAC is the Ship's true Courſe, and AC her true Diſtance. 
By Trigonometry its thus; the triangle ABC is a right-angled 
triangle, in which both legs are given, to wit, AB 6 minutes, 
the ſhip's ſuppoſed diſtance, and BC 2 minutes, the current's 
motion, to find the angle BAC her true courſe, and AC her. 
true diſtance; which is done by Axiom the Firſt of Plain Tri- 

In like manner Problem 18 and 19 is performed. 


Problem 18. If a ſhip ſails (five days together) by the log, SW 
73% minutes : in a current that ſetteth (in the ſame time) 
S. E. 280 minutes: what's the true courſe and diſtance ? 


Alen. South 23d. 52m- weſterly, or 88 W. is the ſhip's true 
courſe, diſtance 775 min. | 


Problem 19. Admit a ſhip fails W. 730 minutes thwart a cur- 
rent ſetting to the ſouthward ; and then by obſervatien finds 
the difference of latitude is 4d- or 240 minutes. I demand 


F. Anfev. 
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| Anſw South 71d. 48m. weſterly, or WSW. IW. is the thip's 
true courſe, diſtance 768 minutes. 


Problem 20. If a ſhip ſails S by E. 36 minutes in a current, and. 
then arrived at a port, which lieth from the place ſhe 
from SE by S. diſtance 54 minutes: I demand the current”s 
motion both in quality, and quantity; that is, how it ſet- 
teth, and how fat. . | 


Anſw. Current ſetteth touch 67d. 29m. eaſt, or ESE. is the 
drift of the current as to quality and minutes, 24. 9 tenths is its 
drift as to quantity. By the Plain Scale, thus. Ak 

1. As before, having deſcribed the circle, &c. lay 1 point 
from S. towards E, by it and A draw a 8 by E. line 36-mi- 
nuteslong, from A to B. 

2. Lay 3 points from S. towards E. and by it and A, draw a 
S by S. line, 54 minutes long fram A to C. | | 

3. Then draw a line from B to C, and it's done: for the an- 
gle ACB meaſured (on the ſcale) ſheweth the current's motion 
as to its quality, which way from the SE by S. and the fide BC 


meaſured (on the ſcale) ſheweth the current's motion as to its 
quantity, how much, or how faſt, 


But by Trigonometry, ies us. 

In the oblique triangle ABC, there is given, two ides. and an 

inchided angle; that is, the ſide AB 36 minutes, the fide AC 

54 minutes, and the angle BAC two paints or 22d. 30m. to 
d 


the angles ABC, ACB and the fide BC; which is dane b 
the third problem of this ſection- , 3 


Problem 21. Suppoſe a ſhip fails from 2a certain cape or head- 
land and (by the Log) in 24 hours, runneth SSW. 49 minutes 
in a current ſetting between the N. and the W. and then the 
capedid bear ENE. and by abfervation.the ſuipꝰs diſſerence of 
latitude was 30 minutes, I demand the current's motion: 
that is, upon whit point of the compaſs, and how-faſt? | 


Anſw. The eurrent ſets north 74d. &7m- weſt, or WN W 
W. neareſt, and at the rate of minutes 2.32 an hour. Thus 
demonftrated by the Plain Scale. > ls 

1. After the circle is deſcribed, quaztered, &. lay two points 
from S. towards W, and by it and A, draw a SSW. line 49 mi- 
nutes long, from A to. "21 Ir 
2. Lay fix points from S. towards W, and by it and A draw 
2 SW. and ENE. line AC. "is 3. Lay 


A. - + ; 


Se. I. 


A deſeripiion of Metcatot's Chart. 
20 minutes on the meridian AS from A to D 


0 


fro B x welt ne parallel to AW, to cut the WSW tne 
in C. 


4- Then draw line from B to C, and it's done: for the an- 
gie ABC being mesfured on the ſcale, ſheweth the currents 
motion from 8 SW. and the fide B C being meaſured ſaeweth 


how faſt. 
is the right ee 
t * 
AD l ce DAC'6 ont ROD nodes 


to find n is done by Miem firſt H 
Plain T 
ABC, there is given, the 


rigonotnetry. 
2: Then in the oblique 
oo RIO the ft AC found dforey an i inch 
angle 'BAC-4 points or 4$9. to the angle ABC cur- 
rent's motion from SSW.) and the ſide BC, its motion how faft. 
Let this ſuffice, for (tho" many more problems might be in- 
vented in) the firſt Part of Navigation, commonly cated Plam- 


failing. — PERU 


1 „ „ — 


. Mit. » it. r 5 — 


CHAP. TV. 


The ſecond part of or 'the doctrine of Plain 


Navigation, 
Right Angler Triangles, apphed in problems F Mer- 
. 


Count it necelfar «deſcribe Mercator's-<hart, and ſhew 
the uſes of it, the problem of ſailing by it, which by 
this method will the eaſier be underſtood. 


Sea. I. The deſcription 244 — 
B 1 ſuppoſeth the earth and fea to make one 
or Globe, in order to the right underſtanding 

'of it, — 8 definitions. 

1. Upon this earthfy Globe is imagined two oppoſite points, 
one called the 33 the other the ſouth pole; as P, and 
L. Pute 8. Fig. 

*2- "bn wide between: thoſe two Potes, or equ nt 
from each, is drawn a line round the Fquator, 
From which latitude taketh its beginning, ard in which longitude 
is reckoned; as E AQ. 

Any cirele drawn through both poles, is called a meridiafh. | 
as PMI: PNI, -&c. anſwerable thtereunto as any north or ſouth - 
ne 4. Thoſe 


78 A deſcription of Meteator's Chart. Chap IV. 
4- Thoſe circles which are parallel to the equator, are called 
parlils of latitude; as@ / f Kl t, &c- and are repreſented in 
by the caſt and weſtlines. 
1 of a place is the (neareſt) diſtance of any parallel 
* over it from the equator; from thence counted both 
ways to each pole, ending in go' degrees the greateſt latitude. 
6. North latitude, is on that fide the equator towards the 
north pole, and ſouth latitude on ho CET EIE GS: the aqiater, 
towar s the ſouth pole 
7. Difference of Latitude, is the ell Aron tron 
any two parallels, and ſheweth how far one place is to the north- 
— 71 — of another; it never exceeds 180 
8. Longitude, is reckoned in the equator, round which (by 
ſome) its counted increaſing to the eaſtward till it ends (where it 
firſt began) in 360 degrees the greateſt longitude : others (as Mr. 
Wakely in his *Mariner's Compaſs reftified) reckon it from one 
meridian both eaſterly and weſterly, till both accounts meet at 
180 degrees in the oppoſite meridian, as the aforeſaid book be- 
gins longitude at the meridian of London, and from thence 


counting eaſterly, eaſt longitude 180 , weſt 
| longitude 180 at which both longitudes end. 
9. Difference of longitude is that diſtance or of the 


equator contained between the meridians of any two places, and 
Soeath (the equater) how for the metidids of cnc pliter 3s 
the eaſtward or weſtward of the meridian of mother, and never 
F jples, there muſt neceſſarily 
rom tions, or princi | 
follows theſe Theorems. 4 
1. The diſtance of two meridians, in of 
tude, is leſſer than their diſtance n 
2. The degrees of longitude diminiſh towards „ 
err 


* 3. The degrees of longitude are equal i all lace or party f 


4” The Plain Chart, which counteth the = wall of 
longitude as of latitude in all places tu be is notoriouſly 


_ Mr. Wrights Proj ection (common known by the name of 
Mercator's Chart) — though the ees of longitude are 
equal, having the meridians parallel to one another ; the de- 
grees of latitude are enlarged towards each pole, in the ſame 
proportion as the degrees of longitude diminiſh on the globe, 
which will in all reſpects agree with the globe, and is a true 
way of failing, let ſome fay what _ will to = n 


: > 4 { 
* 
* 


Sect. . De Uſe of Mercator's Chart. 79 
Theſe Definitions and Theorems duly eonſidered, there needs 
no more for the deſcription of this Chart, it havi only this 
difference from the Plain Chart, before deſcribed in Chapter 3. 
Section 2. in Page 51- that the equator is divided and numbered 
in as the graduated meridian is ; and without any fur- 
ther iption, the uſes are as follow. 


Problem 1. To find the latitude of any place in the Chart. 


This was taught before in the uſe of the Plaih Chart, in Page 
52 and needs no further rule and example. 


Preblem 2. To find the longitude of any place in the Chart. 


Rule 1. Take the neareſt diſtance from the propoſed place to 
any meridian- 


2- Move the compaſſes (being kept at that diſtance) with one 
foot on the meridian, till both feet come to the equator, and the 
foot which ſtood on the propoſed place ſheweth its longitude re- 

Example. I demand the longitude of the Lizard in England? 

Anſw. gd. 40m. according to the old way of computing the 
longitude from the meridian of Pico Teneriff; but gd. 24m. 
dian of „ accarding to the Mariners Compaſs reQified. 
Note, Some charts begin longitude at the Lizard, counting 
from thence eaſtward and weſtward. 


Problem . Te find the courſe or bearing of any two places in 
the chart. 

This is done as before in the uſe of the Plain Chart, in Page 

52,and needs no Example. | 


Problem 4- To find the diſtance of any two places in the Chart. 


In this Problem are four caſes ; the two places may be fitu- 
ated under one meridian, under the equator, or in one parallel, 
or they may differ both in latitude and longitude. 


Caſe 1. Two places under one meridian, (that is, they differ 
only in latitude) being given; to find their diſtance. 
' The Rule. Find the difference of latitude between the two 
given places, and it's the diſtance required. 


How 
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80 The Uſe of Mercator's t. Chap. IV. 
How to find the difference. of latitude: hetween the two. places, 
Fares tanght in Chap. 3. Section 3. of Plain+ſailing, in 
35 


Cuſe 2. W the-equator given ; to find: their diſtance. 


The Rule. Find the difference of longitude between them, 


and it's the diſtance. required. 
How to find the difference 1 will de ſhewed in 


he next ſeQions 
raflet (that is, they differ only in 


Ca Two places 
ee 


The Rule. 1. Take the diſtance between the given places by 


2- Lay that diſtance on the graduated meridian, ſo that ane 

foot may be as many degrees above the parallel of the given 

places, as the other below it ; there ſtay the compafſes. 

3 . Count the degrees between. the feet of the compaſſes and 

it's theidiſtanoe required. 

Example. I demand the diſtance from the Lizard in England, 

to Pengwin ifland un the coaſt of 'New-found-land, both being 

in theilatitude of od oom. north or near it. 

Here the diſtance ſtom the Lizard to Peng in iſland, applied 
to the meridian as 'Girefted, vaill. reach £ 36d. 30m. — 


Take the length of a r given latitude, as here 
from, 49d. om. to 50d. zom · tuen that owet in a ſtrait line from 
the Lizard to Pengwin iſland,, and it's 27 times; which ſhews 
the diſtance. a) degree av before. | 


ns Two places differing in latitude and longitude being 
| given, te ſind their diſtance. | 


The Rule 1. Take cheirdiFerence of latitude fram-the equator 
2. Lay a rule on both given places, apply that-diſtance fo to 
the ruler's edge, that when one foot.is placed. cleſe.to: the ruler, 
rr juſt touch ſome eaſt and weſt 
Une, cr the edge, there ſtay. the compaſſes. 

3. Then the diſtance (by the rulet's edge] from; the place 
where the compaſſes reſted to that place where the ruller croſſeth 


the aforeſaid. caſt and * 2 
—- eee 8 


Example. 


1 
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em, 


A Ppredber 


k. The Uſe of Mercatr's hart. 51 
 Brample. 
demand th ditnc rom the Lizard tothe land Barbados 
Lizard” titude.is — OOm. 
And Barbadoes latitude is — = oom. by Prob. 1. 
Their difference of latitude 37d. 00un- 


; and ling + ruler . both places appy one for of th 
tor, and laying a ruler on both es, apply one foot of the 
ul Oy t turning the other about, 
it toucheth an eaſt and welt fin ne, croſſed by the tuler ; then the 
diſtance (by the ruler's edge) from the place where the com- 
paſſes reſted to the place where the ruler croſſeth the aforeſaid 
eaſt and weſt line, meaſured onthe equator is 56d- 40m. or 1133 
the diſtance required- 

here obſerve ; 2 and line of equal parts 
next one another on the Gunter; the firſt is, or may be the 
meridian, and degrees of latitude in a Mercator's chart; the 
latter, the-equator linc and. degrees of longitude. 

Thus much for the uſe of Mercator's chart, problems of ſail- 
— — 
grapny* 


Section 2. Some neceſlary geographical problems uſeful in 
— 
Geography; but are 


"tine gene boy by Mr- Wrights eum (commonly called 


Mercator”s) chart, and for that reaſon are placed here. 
Note ; That all the 
tudes and longitudes, were taken from a chart, intituled, A 
new and Chart, Containing the Sea-Coaſt of Europe, 
Africa, and America; from to Cape Bona Eſpe- 
trance, and from New-found-land to the * of Magellan, 
according to Mr. Edward Wright's projection, ard publiſhęd 
by ]- Thornton, W. Fiſher, Seller, J. Colſon, and James 
Atkinfon. 
rie and lately corrected, wherein 
the longitude of places is reckoned from the meridian of Lon- 
don, agreeing with the Mariner's Compaſs rectified: as for the 
t that may be found between it and tables of lati- 
tude and longitude in other books, tis nat to be tegarded: be- 
cauſe the tables themſelves 2 differ from one another; 
as may ap wh the following problems. 
© Ine gf two phages ge; do bod their 


F Rule 


= 


mentioned in this book, their lati- 


n 


— 


424 
F + . 
— SS — 
£2 2 


_ 


_ +. T4 oy 
— 8 
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F eee 
Rule 1. If. the two — 


— 

Rule 2. If one en 
other place on tꝰ other ſide ; that is, one place in north 
the other in ſouth; add the two latitudes together, and 
is'the difference of latitude. | 

' Obſerve, 1. If a ſhip fails from a north latitude to 
leſſer, ſhe ſails : and if's op fail from: a; lefs perth 
1 ſhe ſails northerly, which is called raiſing 


ils 
ſhip croſs the equator, and fails from north la- 
tende into fouth,. the dierence- of latitude is - or if 
the fails from ſouth lnnnote into-abcih, the fails L 


IReample 1-F demand the In 0: Dad; — the 


a Lizard and iſland of 
2 od. oom. 
L Barbadoes aud —134 251m, 4 worth 


— 


Their difference of latitude 1 36d. 35m. equal to 


2195 minutes. 
Example 2. To find the Ar of ule beben ifand 
| n Hellena. 


——13d. 25m. north 
and Nee. þin ——164: ary nl 


| Their difference of latirude addi is 29d. 25m-+ We to 
1765 minutes. * * af 


Problem 2. The lull of das vince. cad ihe Min bo 
titude between that n 
Gn 

Rule. 


2 latitude, and difference of latitude given, being of 


eee ee thi + $is the latitude required. | 
. Or thus in two rules | 
Ribs 1 In N buch K at. failing to the J de ward, add 


E —— 4 — 
The difference of tat. 372 keep. or 164. yam: norte 
—— 


Add, is the latitude the ſhip i in -- id Gm: nottherly. 


Example 2. From the Lizard, a ſhip fails ſouthweltward, 
e lactate be % Eee what latitude is 
the ſhip in ? POS 
The Lizard latitude is — — od: con. horth _ 
The difference of latitude 137 leag. 6d. 51m. ſoutherly 

— — 


The lat. the ſhip is in by ſub. is 43d · ogm. north 


From St. Hellena a ſhip ſails nordrweſtwards, un⸗ 
4 of latitude 2 what latitude is 
the ſhip in? 


 L-Se. Hellens latitude is — —— 16d. oom. ſouth 
The difference of lat. 419 leag- 3 northerly 


Latitude the ſhip is 


Problem — — IEF. oof. to find their dif- 
4 ference of longitude. 

n way of counting the longitude; the 
Rule is thus 

Suben the lefler from the the remainder 

(if lefs. than 180 degrees) is the difference of longitude 3 but if 

the remainder be more than 180 degrees, ſubtract it from 450 

degrees, the laſt remainder is the difference of longitude. 

2. According to the new way of counting the lorigitude in 
the Mariners Compaſs rectified - The Rule is thus; 

If both longitudes be eaſt, or bath weſt, ſubttact the leffer 
from the greater, the remainder is the difference of longitudt; 
but if one be eaſt, and the other weſt, add them together, and 
the ſum (if it exceeds not 10 degrees) is the difference of lon- 
gitude; and when the ſum doth exceed 180 degrees, ſubtract 
it from 360 degrees, the gemainder i is the difference of longiiude 
requited. 1 Example 


1 C7 «7 


£4 Mild; Late, Chap. IV. 
© Example 1. 1 demand the difference of loggitude between 


the Lizad.and land enen. one of the Canary * 4 


Ankbilg'® tie eee long. of K — 
_ The difference of longitude 9 4 


2323 


taken from the Chart aforeſaid, or from the Mariner's 
rectified. 


SubtraRt, is the difference of longitude - 
equal to 2860 minutes. 1 
Problem 4. NOD gt ay of we og between 


found) be leſs than 180 degrees; 
5 

is erence of longitude eaſterly; but i you 
Se ts ll to the lefler, i it's weſterly ; and when the firſt remain- 
der is more than 180 degrees, it's juſt the | 


„Wien the longitude af he ww 

weſt, and you are to fail the two places ar both ex then the 

difference of longitude is (according to the name of the longi- 

| tude) eaſt or weſt, but if bound to the leſſer longitude, then is 
the difference of lo dealers; capt wo . 
tode, end r --2 
and Yother i in — the difference ＋ 
tween them, is according to the name of that — — 
bound unto, that.is, caſt, is pals + cog eit to 
weſt -lpngitude- 

I . Prolem 5. The longitude of one place, and the tiferincedof 

longitude between that and anather place, _—_—_ given to 

£ find the longitude of the laſt place. 5 0 11% 


Ccording/to the old way of counting the longi rude, the 
"A rules are theſe following” * Rule 


2 


ww tc a 4 em@AW. © PIP. I E 285 FER ARE * 


„ 
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add the oy : *_ 1 he af 

0 0 ongi the dif- 
rec e + axrl 125 ſum, bas if it exceeds 360 
herefrom, the remainder) is the 


IE to the 8 the difference of 

(but if the Gberence of * greateſt, 

4965 ad hs irude of the R 
ongitui 

2dly, ; According x new way of counting the longitude in 


Mariner“; e, the rules are theſe. . _ 
Rule 1. 18 E e 6 g to the Eaſtward, ind in 
Weſt longitude, ling 


add, gives the longitude of 
the laſt (if it exceeds not 180 ) agreeing with the 


degrees 
the firſt place _but if it does excged, — it from 


the remainder i the longitude 'of a con- 
trary name to the firſt. * 


Rule 2. In Eaft longitude ſaileth Weſterly, and in Weſt Lon 
gitude faileth Eaſterly : ſubtract, gives the — of the 
laſt place, whoſe name agrees with the greateſt· 

Example 1. Sailing from Barbadoes 


1 ul the dif- 


in? - d. m. 
By the Mariner's Compaſs, long. of the 1. Barbadoes is 59 oa 
The difference of longitude is 275 leagues or _ - _ 08 
Subtract, gives the longitude the lüp is in — "44 19W 


Example 2. From the Lizard a ſhip fails ouch weſterly, till the 
difference of longitude be 352 leag. What longitude is the 


ſhip in? d. m. 
By the: e, Compale leuginade of the Lizard is F 24 
The difference of longitude is 352 leagues — — 12 36W 
Add, gi ves the longitude the ſhip is in — 22 50 


Thus much for the h to Sailing by this Chart, the 
Problems are next- | 


Sad. III. Con 8 of failing by Mr. Wright 
a Gr called — — 


Pits working working of theſe | a Table of Meridional Parts 
is neceſſary; accordingly out of Mr. Wright's Table, have I 
drawn one to every fifth minute of |2titnde;-counting the Me- 
— miles, or minutes of the equator} which table 
en the Mer before the Table of Logarithms, whoſe uſe 
ae, and that = dons by — Iroween any 
JT WOES, and that 1s next problem 

F 3 Problem 


La " i : * F AE” 1 y . "I ..* 
EDS e nd» 


ference of longitude be 275 leagues, what longitude is the ſhip | 


8 Mercator's Kab, Chap. IV. 
Problem 1. ee e Seven of bent, the 
difference of latitude in meridipnal parts, i 
The rule is; * "Be 
n T- he 


meridional found the merid . 
ſwering to The d L {by e of - Leh 
the meridional difference of latitude required. 


Exam. 1. mpg tae wen ke ory rm the coaſt 


of Gabon jn Africa: | differeace of la- 
titude ? 

| ks Ae ker.) var En ——5 Hz 

Meridional difference of latitude - — — —812 


Example 2. The Lizard and ifland Barbadoes ; what is their. 


meridional difference of latitude? 


SubtraQ, gives the meridional difference latitude—. 2662 


Exonple 3. Ifland Barbadoes and iſland St. Hellena : what i is 
their meridional difference of latitude? 


minutes 
u. Te. Hellens $ *. Im 5 mertd. part { 75 


Add, gives the meridional difference of latitude ——— 1785 


Problem 2. The latitude and longitude of two places ven ; 
find their courſe and diſtance. 4 * 


Example, What is - TO ce from the N to 


bi of at 36.355. mer 1 . 


— — — —— 


or 2195 min- FRE, „ or 3760 min. 


1 : god. oom. ious 
I. Barbadoes | latitude 2 74 om. 1* werd parts 4 3874 


87 
je ABC (Plate 3. Fig. Wi made | 
Fes, 2 Tis) w 
ing the e ſailed from, lay the me- 
ridional difference of latitude to 

2. Draw BC perpendicular to AB, a ons hoy the G5 
ference of longitude from B to C. 

3. From A to C (repreſenting the the ſhip is come to) 
draw a line, which concludes the triangle ABC, right-angled 
at B, whoſe BAC meaſured on the fcale of chords or 
rumbs, ſhews the courſe of bearing of the two places. T 

4. Take the difference of latitude, and lay it on the me- 
ridian from A to D, and draw the line DE, parallel to BC, 
to cut AC in E, and it's done: For if AE be meaſured on the 
k fame ſcale AD was taken from, it ſheweth 2 diſtance be- 
5 tween the two 
2 


But to reſolve it by Trigonometry, there are- two reQangle 
triangles, ABC, and ADE; in the former you mult ; 
| Pride." er $496 acres 
ti 
: 2. The leg BC, is the difference of longitude. 
3- The angle BAC, is the courſe or bearing. 
4 The angle Ach. r xt ng 


Secondly, And in the rectangle triangle ADE. 

1. The leg AD is the AH. latitude. 

2. The hypotenuſe ak, is the diſtance of the two places. 
3. The leg DE, is the departure from the meridian. 

4. The angle DAE, is the courſe or bearing. 

5. The angle AED, the complement of = courfe. 


Theſe things being premiſed, the ns are the ſame 
as in the Doctrine of — Triangles, as followeth : 


For the courſe, the proportion is thus: 

If the leg AB is made radius, then the leg BC is the un- 
gent of the angle BAC, and therefore it is, 

As the meridional erence of latitude, is to the radius; 
ſo is the difference of longitude,to the tangent of the courſe : a 
but more briefly thus; _ 

Merid. diff. — * diff, long. 1 8 1 oe genes 


y o. 

Making then hypotenuſe AE radius, the leg A 
ſine of the angle -AED, 'or the fine complement of 
courſe, and therefore it is F4 


p 


the 
is the 
the 
As 


3 _ Mdaw: Gig. Chip IV. 
As the ſine com of the courſe, is to the proper dif- 
ference of latitude; ſo is r the 


of. 

rumb. — hap W 
S. e. courſe - Gif. ut: d e 
S. 40d. 10m. ** 2195 min. :: 8. god. 

Note, B DNN A. 

the Gunter's Scale Ww: 

Extend the compaſſes from the latitude of god. oom. (on the 

meridional-line} to the latitude 33d. 35m.. on the ſame line; 

that extent meaſured op the Line 6f Equal Parts, will be 445 

ar- 2664 minutes, the meridional difference latitude, wh 

iv but 2 minutes more. ihan by the able. 


Problem 3- Both latitudes and courſe given; to God the diftance 
* and difference of longitude. 
Example. ape A tip lai from the Liars, and makes her courſe 
n. leeway, Sc. allowed for) to be 8. 39d, W. or 
W. by 8. 1. nd 2 obſervation, is in Jatitude 45d. 


ate 1 demand the run, and the longirude ſhe 
is in 

8 | minutes 
Lizard | 


AP" thi 1 Ay 
o delineate this, or any of t an th 
plain ſcale, as alſo their reſolutions by trigonometry, 22 


rections and notes in the foregoing problems be ſuſſici 
2 and therefore they are omitted till — tp > 


| T - 

. 2. To ind ths ee, the proportion (as in Plain-Sailing) | 

D ht ares diſtance required. 
gd. om. 

2. To find the dj 

Radius 4 meridi. Lew] 

. "2 400 minutes . or 5 
us; . ef 


— . 
be line (op 
from latitude god. om. to latitude 45d. 31m. 


Lins of Equal Pars, in6 1 8 


d. 
ee Wy” $4. For 54. aun. the difſergpee 
3- They 


S  —_— Tz == 2» 
Then to find the longitude the is in, it's thus, 
Longitode failed bes — A ad. 2m. Weſt, 
Dileyence ene — * Arn 


ee the si | — "| 


== | 
— latitude ? 1 1 m__ 270 


— 


Difference of hen. £7 ny Herid dif e. $09 


F. W —— 
Beere ages l. Sc. Eg 
" NEUE... ? B. gc >-048 Wh. S 538. oom. Which. 


ſubrradt from — god. oom. north 

| Reman he conſe. 1 EE oa 
nts ot t whic 

to be N. ren ah come 


2. To find he if. of longitude, the proportion is thus; 
Radius + T. courſe :: merid. diff. lat. difference long. T 45d. - 
T. 36d. 52m. :: 309 minutes * 232 min. — of 52m : 
Or thas, the extent (on the Meridional Line on the Gunter) 
from latitude 37d, to latitude 1 val Parts, 
5 . * 2 ce Ry TD of then 2 
5d. — 2m. :: parts of 100, or 36 
F 2m. the d. 5 as pages 
Las e failed from * — rod 25m. welt. 
| Difference of loogitude is 232 minutes or 3d. 52m. welt. 


—— — 


eee 2 14 m. welt. 


Problem 5 „Boch latitudes and departure from the meridian 
given; to find the courſe, diſtance and differen of lege 


A ſhip in latitude god. rom. „ and longitude 
54. zu meth, fatty fon, welward, till her EA} 
minutes, and by 'obſervation is in latitude 


demand the courſe, diſtance failed, and what END 
is in; 


| 5 
As diff. lat. + departure :: merid. diff. lat. 
As 650 min. 78g min. 2 91g minutes = 1116m, or 18d. 36m. 
- Or thus; the extent (on the meridional-line on the Gunter) 
from latitude god. 10m. to latitude 39d. 20:n, meafured on the 


line of I tenths the 
WEIS ET meridional difference of 


— _ weſt 
| | — — 24d. com. wen 
Problem 6. One latitude, courſe and diſtance given, to find the 
of latitude, and difference longitude. 


| Example. A ſhi in latitude 42d. 30m. north and longitude 


rd. 31m. weſt, fails SE by 8, 599 min. or 187 leagues: I de- 
mand the latrude and loogirade the ſhip is in | 


1. For the difference-of latitude, the proportion (by the 1 
ceſs of Fijin Seilig in. Page, 59.99 tha; * N 


As radius — diſtance :: Sc. courſe - ance: of latitude. 
As 8. 8 points - 394 . 1 & 491 min, or 8d. 11m. 
Lawtude failed, from—42d. zom. N. merid. parts 222m. 
Di. lat. 491 min- or Sd. 11m. 8. | 
Latitude-the ſhip is in 34d. 19m. N. merid. parts — 2194m. 
SabtraR giveth the meridional difference of latitude — 027m. 


- Or thus the extent (on the meridional-line on the Gunter 


 — La 


Fare . od. 5. 7d. diff. 

As 2 1 1 7 | 
2 — 2 

Dill. long. r | —-——— 07d. com. caſt 


Longitude the ſhip is in —— 1d. 31m. weſt 


Problem 7. One latitude, courſe, and departure given, to find 
the diſtance, difference of latitude, and difference of longi- 
tude. 


Example. A ſhip fails ESE, from a certain port in latitude 


god. 10m. ſduth, Lind longirude 10d. 16m. eaſt, until the de- 


parture from the meridian be 957 minutes: I demand her diſ- 


ee | 
The diſtance is 1035 
of Plain Sailing, in page 58. Then the latitude the ſhip i is in, 
. = of latitude, is tound thus. Min. 
itude ſailed from 53 3 
Diff. latitude 396m. or 6d. 36m. S. 


Latitude ſhip is in——$64. 46m- S. meridional parts 4132 
Subtract, giveth the meridional difference of latitude—667 
For the diference of long; tude the pro __ 

223 departure :: merid. lf bot, = a of 
— 


* min. 957 min. :: EN TAL 
thus ; the extent (on the meridional line on the 
from latitude 50d. 12m. to latitude 56d. 46m. how's und, 1 
line of the Equal Ports; its 11d. dhe merid. diff. of lat. 
ia 

As 396 min. 7 957 min. 211d. 2 274 74. the diff. long. 

Then to find the longitude the thip i is in, it's thus ; _ 
Longitude failed from od. 16m. eat 
d 1675 min. or —26d $508. eat -q 


r ne 376 iim eat 


to kind the courſe; difrence of Le-, 


Fuss, 


28781 
© XZ > + 83S 3 


«+ The A of lu: 407 mia or 6979 


M 
0 * 25 


91 
A . points. + 627 minutes 420. or 2d. o 


Mercator's Sai. 


5. of Plain Sailin 
— ſhip is - and the M 
tude is found thus ; 
. Latitude failed from—4gd. 3om. N. merid. parts 
Diff. lat. 407 min. or— 6d. 47m. 8. 
Latitude the ſhip is in 42d. 43m. N. merid- parts 
Meridional difference of latitude —— 
3. To find the difference of longitude the proportion 5; 
ASGIEE. lat. * depart. : ; merid. diff. lat. - diff. of long. 
As 407 min. 500 min. :: 588 minutes + 722 min. or 12d. am. 
Or thus, the extent (on the meridional line on the Gunter) 
from latitude 49d. 3om, to latitude 42d. 43m. meaſured on equal 
parts, 2 9d. g, the meridional difference of latitude. 
en ſay, 
As 407 min. 500 min. :: gd. 5. lad. the diff. long. 
Thea to find the longitude the hip i is in, it's thus; 
Longitude ſailed from — — 14d. zom. weſt 
Dif! longitude 722 minutes, or — ——— —12d. 02m. eaſt 
ngitude the ſhip is in —— ———— — -2d. 38m. weſt 
9. One latitude, courſe, and difference of lop gitude 
given; to ſind the diſtance, and difference of ind 
Example. A ſhip fails SW by W. from the Lizard, until he 
be _ Re 57d. n wel: I demand the latitude 'the ſhip 


* 


is in, and her diſtance failed ? 
Longitude failed from d. 24m. weſt 
Longitude the ſhip is in —— 57d. 26m. weſt 


Subtract, and remainder is the diff. 3 weſt 


| "Or 3 — Minutes 
1. For the mer. diff. of lat. the proportion may be thus; 
As T courſe © radius :; differ. lon. + merid. diff. of lat. 
As T. 5. pts. T. 4 pts. :: 3122 min. © 2085 minutes. 
Latitu Filed from 50d. its merid. parts—2474 ſubtraQ, 
Giveth the mer. . N is in 1389 which ſeek 


geen 


5 


d d br rg rr to 3 
27m. or 1647 minutes, or 549 leagues- 2. Find 


2. Find the ditancs — ſe&. 3. problem or 
caſe 2- of Plain Sailing, in page 53- 


Problem 10. Two places in one parallel or latitude, their dif- 
ference of longituge given; to find their diſtance. 


Example. 1 demand the diſtance between the Lizard and Peng- 
win iſland on Newtound-land. | 


+= prong. longit. is 24 tom. weſt 


5d. 24m. weſt 

SubtraQ, and remainder is diff. long 4nd. — 

bes ef 43; 46m. or 2866 minutes. 

Theſe es ar both (ſuppoſed to be) in latitude 50d. oom. 
north, 40d. oom. 


ä by the Plain Scale. 
1. Draw the ted a BE. withthe fine of go-degtors, 
one foot being in the center A. 

2- Lay the difference of longitude on that arch from B to C 
nia the lines AB, AC, and. BC. 

3- With the fine comple- 
ment of the latitude, and 
one foot in A, draw the 
arch DE: that is take the 

t of the latitude 
from the fines, and with one 
foot on A, draw the pricked 
arch DE, to cut AB in F 
and ACin E 


*. Draw a © ah from 5 
to and it's done; for DE 
being meaſured on "the ſame 
ſcale BC was taken from, will 
ſhew the diſtance required. 


The explanation of the ſcheme 
Atepreſents one of the poles of the earth, 
The arch BC, is the equator; 7-27 5 ft. 


"The arch DE, ien parallel of latitude. 
"The line ADB, is the meridian of the . 


* 
2 
3 
«I 


5. The 


line AEC, is the meridian of Pengein idand. 
nr din the latitude of god. oom 


Then to find their diſtance, the proportion is the 

of the 6th-book of Euclid. 4 4 * 
As AB, is to BC, ſo is AD, to DE- Anat ahernately. 

As A is to AD: fo is BC, 70 DE. That is, 

As radius is to the fine complement of the latitude; ſo is the 
Illerume of longitude, * — in What perathed of lans- 
tude. In ſhort thus, 

As radius · $c. latitude,:: diff. lon. · diſt- 

AS god + S. 40d. oom. :: 2866 min. 1842 minutes. 


Or thus ; by the Plain Scale. 


Take the latitude of 50d oom. from the Scale of Chords, and 
mihes i —— marked (ML) and 
it ſheweth minutes 38.6 tenths make a degree of in 
that latitude : then fay, 


j ; Fun. > ew diff. lon. 47d. 75 - 1842 minutes the 


nd their difference of longitude. 


ſails weſt 390 minutes from the Lizard ; 
A— ade i nd 
| o delineate the problem by the Plain Scale. 
| 1. Take go een 
a draw the pricked arch BC. . FG 
X From ib Scale of Sines take the complement of the given 
7 lautude,' und ſetting ope foot on A, draw the pricked arch DE. 
| Then from any of equal Parts, take (the diſtance 
| ra) and lay it on the Each from D to E. 


"4: From: Aer ney ron D and Þ, 1 cu the ach BC, 


[| 5. Then dw a line from B to C, and it's done; for BC 
. — 
the of longitude required. 


Problem 11. — — — 
Examgle. If 2 


The proportion (by the 4th propoſition of the hook of 
| Euckd) for the dikovnce of leans bn — 

As Sc. latitude = radius :; diſtance ++ — 
1 N : 390 min. O min. or 10d. om. 


— 


Sam 


Or mos; by the Plain Scale. 


—ogd. 24m. weſt 
- Difference of longitude 607 minutes, or — —10d. om wel 
And gives the longitude the ſhip is in — — 15d. 31m- weſt 
Problem 12- Two places in one parallel or latitude, their diſ- 
_— CR to find the parallel 


Example. Suppoſe two ſhips in the equator 2842 minutes 
ſunder, and they bath foil north alike Gllngce, ll they any be: 
1833 minutes aſunder : I demand what latitude they are now in? 


Todelineate this Problem by the Plain Scale. 


"center A, 


to cut the line AB 
in B. 


/ 


be equal t BC, and De egal to DE, n dene 
ere. otherwiſe not; as 28 — cCand e E mani- 


feſteth. 
To find the latitude (by the foreſaid propolition of Euchd) 


the proportion is thus ʒ 
As differ. lon. · diſtance : :nidlies- © «. lets, required · 


As 2842 min- — wa Sig . — 
Which ſubtracted from — god. oom. 


The remainder is the parallel of latitude 49d. zom. nech 


| Or thus, by the Plain Scale. " 


Adds mis. = i053 min. : 60 min- + min. 4. cms 


making degree of longitade, is the latitude 
Then from the Scale of ne whe mis. 


38.7 tenths, meaſure it on the — — 
ling by the middle latitude; or 2 


drawn from the middle latitude, nearly agreeing 


proportion 
with Mercator's failing. 
N theſe problems there's no uſe made of the table of meri- 


dional parts, and all its proportions be wrought both 
by the Logarithens, and Guater's Seal. > 


Problem 1. The lati and longitude of two places given? to 


þ 


7 find their courſe and diſtance. 0 
Example. What is t courle and diſtance from the Lizard'to e 
. 8 q 
Lt a 4 
Lizard. —50 2K tl 
Barbad. g . 13 25 2 1 e, FE) ! 
- Diikrence latit. e a. lony: 54 40 52 ow t] 
1 2 
rt 60 mid- lat. _- 60 
2 46] 51 OL 20: 20 *,, - | —— 
EESTVEDY er 3760 mix. 


Ts nee. 
Venn riot rr TH Mr, d 


o | - 9 ws - - 
* \ L 7 25 899289 1 1 od * 
* * 8 © * 4 - 5 * of . 6.4 3 * : To 
- . * 
- 


— 


Seck. IV: © Sailing by middle Latitude. 97 
To delineate the Problem by the plain ſcale plate 2. fig. 6. 
1. Make AD upon the meridian equal to the difference of — 


titude- 

2 Deas the pricksd. anc IK with the fine of go degrees 
(one foot being on A) to cut the meridian AD in I. 

3 With the fine complement of the middle latitude and one 
foot on A, draw the pricked arch GH, to cut the meridian in G. 
- On. the: laſt arch, lay + the difference of latitude, from G 


to 

5. By A and H draw a line, to cut the firſt arch (made with 
the fine of go degrees) in K. 

6. Lay IK twiee on the meridian, from A to B. 

N. ee 2 and thereon lay the difference 
of to 

8. Draw a line from A to C; and from D, draw DE paral- 
lel to BC, tocut AC in C, and it's done. Plate 3. fig. 6. 


Then is che leg AD the difference of latitude. 
Leg BC the difference of 

AE the diſtance of the two places. 
Leg DE the departure, according to the Plain Chart. 
Angle DAE, or BAC the dot the courſe or bearing. 
Angle AED the complement of the courſe. 


1. To find the courſe, or bearing, the proportion is ; 

As the difference of latitude, is to the difference of longi- 
tude; ſo is the fine complement of the middle latitude, to the 
tangent of the courſe. Or more briefly thus, 

As diff. lat. diff. long. :: Sc. middle lat. T. courſe. 
As 2195 min. 3160 min. :: S. 58d. 18m. - T. 50d. 45m- 
By Gunter. The extent from 2195 minutes to 3160 minutes 
on Numbers, being laid (increaſing) from fine 58d. 18m. reach- 
eth beyond the fine of god. wherefore lay that extent from the 
ſine 333 towards the left-hand, and ſtay one foot 
there, in the other foot to the fine complement of 
the middle lati 58d- r8m- this laſt diſtance of the compaſſes 
lay from tangent ef ang 45 degree, degrees, and it ſheweth on tangent 50d. 
45m. the coutſe of SWEW. neareſt, which is the courſe from 
the Lizard to Barbadoes 
Or thus ; by two propoftions to find the courſe. 


% 


Firſt, As the radius is to the fine complement of * middle la- 
titude ; ſo is the difference of longitude to the departure from 
the meridian, or meridional diſtance. More briefly thus; ; 

As radius · 4 middle lat: :: diff. long d 


eparture. 
As S. god. - S. 58d. 18m. :: < - aaa 2685 min, 


Secondly, 


: 
ö 
ö 
N 
N 
' 


| god. if the ſecond term be leſs than 4d · but if more, 


g8 Sailing by Middle Latitude. Chap. IV. 
„As the difference of latitude, is to the departure 

from the meridian ; fo is radius, to the tangent of the courſe. 

Or more briefly thus ; 2 

As diff. lat. departure :: radius T. courſe. | 

As 2195 min- 2685 min. :: T. 45d- T. $50d- 45m- as before. 
2. To find the diſtance, the proportion is; | 

As Sc. courſe · diff. lat- :: radius · diſtance required- 

As S. 39d. 15m. 2195 min. .: S. god. 3467 minutes. 

Problem 2. Both latitudes and courſe given; to find the diſtance 


and difference of latitude. 
Example- Suppoſe a ſhip fails from the Lizard, and made 


(when variation —_ &c. allowed for) her courſe ſouth 39d. 


weſt, or SW. by S. 1 W. and then, by obſervation, is in latitude 
45d. 31m- north, what's her diſtance run, and longitude ſhe is 
in? d. m. 
Lizard n god. com- north — — 50 oo 
Obſerved$ * 8.4 yo SW — os I 
Difference of latitude 4d. 2m. Sum both lat. 95 31 

or 60 The is the mid. lat. 47. 45 


DiF. lat. is minutes 269 


The remainder is compl. of the middle latitude - — 42 15 
To delineate this or any of the following problems by the 
Plain Scale, the inſtructions in the foregoing are ſufficient to in- 
. by 
1. The diſtance is 346 minutes by chapter 3. ſect. 3. : 
or caſe 2. of Plain Sailing, in page 58. eve =, _ 
2- To find the difference of longitude, the proportion is; 
As the fine complement of the Middle Latitude, is to the 
tangent of the courſe ; ſo is the Difference of Latitude, to the 
Difference of longitude. Or thus ; 
As Sc. Mid. Lat. - T. courſe :: diff. lat. · difference lon - 
As S. 42d. 15m- T. 39d. :: 269 min. - 324 min- 
To work this, or any ſuch like pr 


&c. will not ſerve, till the firſt and ſecond terms are reduced to 
one Line or Scale, and that is by this rule following. 


A general rule to reduce the ſecond Term Tangent, to the firſt 
88 Term Sine. 
Extend the 
the ſecond term; lay that extent on the 


of Sines, from 
from the 
farſt 


Which ſubt. from go oo 


oportion, by Gunter's Scale, 
the general rule of extending from the firſt term to the ſecond, 


compaſſes from tangent \ Day the tangent of 


w:- aA mam oO 


Sec W. aeg by Middle Land: 99 


firſt, term towards the left-hand ; and where the foot reſteth, I 
call the ſecond term-redaced to the firſt, and is to be counted 
inſtead of. the ſecond term, As for example, 

To work the foreſaid propoſition, for to find the difference 
of longitude. 

1. The extent from tangent 45d- to tangent 39d- laid from 
fine god. reacheth 10 fine 54- 05m- the ſecond term reduced to 
the firſtterm. 

2. The extent from the ſine gad 05m» (the ſecond term te- 
duced) to fine 42d. 15m. the firſt term is the proportion; laid- 
on the line of Numbers from 269 minutes the third term, will 
reach to 324 minutes the fourth term, the difference of E- 
tude required. 

Or thus, by two Operations to find the difference of longitude. 

Fiſt ; As the fine complement of the courſe, is to the dif- 
ference of latitude ; ſo is the ſine of the courſe; to the depar- 
ture from the meridian; or meridian diſtance. Or-thus, 
1 lat. :: S. courſe · 52 - 

51 degrees — 218 min. 

Secondly : As —— — the middle latitude, is 
to radius 3 ſo is the re from the meridian, to the dif- 
ference of longitude. Briefly thus; | 

As Sc- middle lat- - radius :: departure · diff. longit. 

As S. 42d. 15m. S god. :: 218 min. 324m. as before. 

Then to find the longirude the ſhip is in, it's thus 
Lizard longitude is ogd. 24m. weſt 
Dif. longitude 324 minutes, o.——.— 05d. 24m. weſt 


Lon itude the ſhip is ij — 48m. weſt 
Problem 3- Both 3 and diſtance given; to find the 
courſe, and difference of longitude. 

Examp.. If a ſhip runneth 300 minutes notth weſterly, 
a port in 37d. north latitude, and longitude 10d. 25m. 
til ſhe be in latitude 41 degrees notths.” * is ber ＋ 
r F 

nort add — 7 
Von e- ue t non — — — 


Difference of latitude 46. N. Sum of both latitudes — 786. 
60 middle latitude gt "—_ 


Dick latitude is minutes 440 240 Subtradt fi a. 
Complement of the middle latitude < 516. 

t. The courſe is north 36 deg. 52 min. W or NW. byN£ 
neareſt; found by chap. 3. ſe +.cale4. ofPlain . lng ia page 59 
| 0 


om 


a 


: 


2- To find the difference of longitude, the proportion is thus, 
As Sc. middle lat. T. courſe :: differ. lat. longit. 

As S. 31 degrees T. 36d. 52m. :: 240 min. 232 min. 

By Gunter's Scale. The extent from tangent 4d. to tan- 
gent 36d. 52m. will reach from ſine god. to fine 48d. 3om. the 


(fine 48d- 3om-) to fine 51d- (the firſt term in the aboveſaid 
portion) will reach to the line of Numbers from the difference 


Difference of latitude 70d. 50m./S-Samof bc it. By 
vie 


term reduced to the ficſt- Then the extent trom this laſt 


S. „ rern marc tt» 


8 


rene! 


Sect. V. een . 


The courſe is & god 3om- ſ 
The diftance 1022 — "Na or or cal * 


* | 
ep 


To find 8 
As Sc. mid. lat T. courſe :: diff. lat 

As S. 45d..15m- + T. god. om: :: 650 min. 1111 minutes. 

For the extent from tangent 45d, to the tangent god. 30m. 

laid (on the Line of Sines) from-45d- 15m. reacheth · to ſine 35d- 

_— —_— term reduced to the firſt. Then the extent 

laſt (fine 35d- Som. to G. god. (inftead of ſine 35d. 

15m. _s firſt term in the above ſo when 

the courſe iv more then 454. and that ld onthe Lone) of Nu 

diff. lat. 650 — — Oe ng ney 

ul 


ES CO ſaying z ' 
read SeCatie rabbits intends, i is a. 


dius; ſo is the departure from the meridian, to the difference 
wy = 7 4 te departure diff. long. mia 

m * 22 * 922.2 
As S. 45d. 15m. S. go deg. :: 780 min. 1111 M. as before. 
TR the ſhip is in, may be found, as in prob- 
Mercator's Sailing, page 89, * 8— 
— with this 


And in ö 
may be wrought by the fine complement of the middle latitude, 
which I leave to the learner's. practice. And thus much may 
ſuffice for the Second kind of failing or Second Part of Naviga- 


tion. And the application OS e 
n 


1 
9 1 9 1 F * - 
bay * 
— * 
— — — — —. : 
* . 1 hk * * — 
- _ - * 


| Chap. v. 


. Containing the aofirine of ſaberic triangles, relangular 
+ —— both geumetrical and arithmetical. 
Efore I enter on Spheric Trigonometry, as to the framing 

Bu: working of proportions. therein, it will be neceſſary 
you ſhould underſtand how to make a ſpheric triangle, and | 
to meaſure any of its parts: in order thereunto, I have con- 

rnd the following problems „ 
8 3 


3 
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Section .Spheric Geometry explained by defonitions and —— 


8 that which the.ciredes 
DD 8 of W or projected 
on * 
„  - GR I is a round body, made by the movi 
e ſerni-circle about ite own diameter, till the motion 
where it began. 


3. A Projection of the Sphere, ;s Gther aothogaphical, See- 
vr gnomonical. 


—— 
+4 is the drawing the ſuperficies of the ſphere 
plain, which cutteth the ſphere in the middle, with re- 
Deng nn — 
te diſtance therefrom : this projection . 
Scale of Chords, and of Sines. F 
3. Stereographical, ſheweth how to deſcribe the ſphere's ſu-- 
RE I cutteth it in the middle, with re- L 
to the placed in the ſphere's ſuperficies, r- | 
— — —— R 2 0 
6. Gnomonical projecting the Sphere, is drawiog the ſuper- t 
ficies on a plain touching it, with reſpeR to the eye being plac- 
ed in the ſphere's center. 
Theſe vo laſt make uſe of a Scale of Chords, Tangents, and 


7. All Garden of the ſphere, are either great circles, which 5 
and it in two n parts,z ot leſler circles, which cut it in two 


| parts. 
* The plain on which-the ſphere is projected, is that circle 
which bounds or limits the projection, and is W by the N 
Circle ABCDERA. Plate 3. fig. 7. 
9 A Great Circle, is either the primitive circle, a right-cir- | 
cle, or an oblique circle, 
Theſe circley conſidered ſeverally, or jointly, afford divers 
| Problems, whic are the ſubjeQ-matter een. 
and are ſuch as follows. | . 


Frobiem 1. To find the pol ei. 


* A Great Circle, is either the circle 
8 or right circle as the diameter BAD; or an ob- 


lique circle, as the arch BFD. Plate 3. fig: 7. 1 
** The Pole of See, C,, in = pun overy way e 


— it. And, 
Note, 1. The pole of a Great Circle, is either upan the pri- 
| 2. When 


- * 


mitive circle, or within it. 
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2. When the pole is within, it's either at the primitive cir- 

cle's center, or not. 

In this problem, are three caſes. 


Problem 1. caſe 1- The pole of the primitive circle is required. 


- BCDE. The primitive circle given; to find the 
pole thereof is req uired. Plate 3. fig- 7. 

The rule. Find A, the center of the primitive circle * 
which center A is the pole required. : 


Pekin Lake 2. The dab of « night elle i roguired, 
Definition. A Right Circle paſſeth through a center of the 
Primitive circle, and in the is a diameter ; as BAD. 


Note, A Right circle hath its pole on the primitive circle. 
Example. The pole of the right circle BAD is required. Plate 


fig. 7. 
A rule: From the chords lay 90 degrees on the primitive 
circle from B or D, both to IfayC; or E, are 
the poles of the right circle 


* 


Problem I. Caſe 3. The pole of an oblique circle i is required, 
Definition. An Oblique Circle paſſeth not through the center 
of the primitive circle, and in the projection is repreſented by an 
arch ; as = . figure 7. | 

Note 1. an oblique circle, is .in a diameter 
which ch 0 —_ its center. 

r. One of the poles of an oblique circle, let between the 
center of the primitive, and oblique circles. © 

2. Every great circle, whether right, or oblique, eutteth the 
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Problem 2. To deſeribe a ſpheric angle. 


Definition 8. A Spheric Angle, is made by the interſeclion of 
two great circles; the interſection being the angular punQ. 
Note, Imthis problem are two caſes. 


Problem 2. Caſe 1. To make an angle, that the angular punt may 
be at the center of the primitive circle, 


"The Rule. Such an angle is made (in all reſpects) like a plain 
ſcale. 

Example. An angle BAC equal to 40d- 3om. (whoſe angular 
punct A may be the center of the primitive circle) i ts required to 
be made. Plate 3. hg. 8. 

1. With the chord cf 60 degrees (on the center A) deſcribe the 
primitive circle, BCDE. 
| as On the primitive circle, and from the ſame Chords, make 

ual to 4o0d- zom. 

_ rom B and C draw two right circles, or diameters thro” 
A, which will conclude the angle BAC required to be made. 


Problem 2. Caſe 2. To make an angle, that the angular punci 
may be at the primitive circle. 


The Rule. Such an angle is made by drawing an oblique 
circle with the ſecant of the given angle. 
Example. An angle EBF equal to 34d. zom. (whoſe angular 
* "punt? , y- be at the primitive circle) is required to be made? 


Plate of 7 | 
1. Deſcri e primitive circle BCDF, as before directed. 
_ 2. Lay a ſcale on A the imitive circle's center) and cut the 
itive circle in B, and 
3. With the ſecant (of the given angle) 34d · zom. . one 


foot in B, deſcribe the arch V. 

4. With the ſame, and one foot in D croſs the former arch 
Yun Y; the conper of the oblique circle BFD, which will 
conclude 'the an e EBF, equal to EDF, required to be made. 

Note, When 0 given angle is obtuſe, ſubtraQ it from 180 
degrees, and with the remainder make the angle as above di- 
rected, and it's done, 


Problem 3. To draw 4 great circle through any given pundi, ſo 
that it ſball make at the primitiye circle any given angle. 


The Rule. 1. With the tangent of the given angle, and one 
pot in the center of the primitive circle, make an arch. _ 
2 


Sect. I. Spberic Geometry. 

2. With the ſecant of the ſame, and one foot in the 
punct the former arch, which croſſing, is the center 
circle required to be drawn. 


Example. Plate 3. fig. 7. 
BCDE the primitive circle 
A the center thereof — given: 
F the punt— 
Through F, to draw an je”. PM circle, that i it may make an 
angle at the primitive circle, equal to 34d. 3om. is required? 
Note : The given point muſt be ſo far from the center of the 
primitive circle, that the tangent from the center, and the ſe- 
cant (of the ſame) from the given punt, may interſe& each 
other; otherwiſe it's impoſſible. 
1. 8 the tang. * zom. and one foot in A, make an 
arch f 
2- Then 1 A ee and fone in F, cut the 
arch Y in Y; the center of the oblique circle BFD, required 
to be drawn; and if B, and D, are diametrically oppoſite, it's 
done true, otherwiſe not. 


Prob. 4. To draw @ great circle through any two punts given, 
either beth within the mas circle, or one within, and the 
other without, \ + 


The Rule. 1. Draw a line from the primitive clerks? q canine, 
through one (always the remoteſt) of the two punQts, to cut the 
primitive circle and produce it at pleaſure. 

2. From the ſaid pun& draw another line to a punct in the 
primitive circle, that is god. diſtance from the firſt line. 

3. On this laſt line, and at the punct in the primitive circle, 
erect a perpendicylar, to cut the firſt line in the third 

4. Through the two given puncts, and this laſt third point 
draw (by chap. 1. ſeQ-2- prob. 7. of Practical Geometry, in page 
15) an arch of an circle, and it's done. 


Example. Plate 3- fig. 9. 

BCDE the primitive circle 

A the center thereof — given: 

F and G two punts — — 

Through F = G it's required to draw a great circle? | 

1. Through A and F draw the Right Circle BFA, to cut the 
primitive circle in B and D, and continue it further at pleafure. 

2. Lay the chord of god. on the primitive circle from B. or 
from D to E or C, and draw the line FE, or FC. 

3. At E erect EH perpendicular to EF, or (ere& CH perpen- 
mens to CF to cut the diameter BFAD, in H the third pun& 

4 Through 


05! 
of the 
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Through FG and H, draw a circle as IFGKH, which 


era in Fant I, diametrically oppoſite, and 
it's done. 


Prob. 5. To draw @ great circle perpendicular to, ne 
gles, with a given great circle. 


- 


A general rule. Dray.« great circks through the yall bf 'the 
given great circle, and its perpendicular to it, or it makes a 


hs” angle with it. 
Note, In this problem are four caſes. 


2 Caſe r. Tas + i PRO 


The Rule. This is done ns Fan SD. 
center of the primitive circle; for the center of the primitive 
circle, being its pole ; all right lines drawn — I 
are perpendicular circles to the 

Example. Plate 3. | EW 

SOT Bs gre Ee and A its center given; to draw 


a great circle- to it is 
Through A draw the ri t circle BAD and its perpendicular 


to the primitive circle E, as was required. 


Prob. 5. Caſe 2. To draw a right circle perpendicular to a given 
right circle. 


The rule. This is done by drawing a diameter at right angles, 
to the given right circle: or quartering the primitive circle (by 


oder ws BAD, or from the chords lay 
god. primitive circle from B, or from D to C and E ; 
and through A and C, or A and E, draw a diameter and it's done. 


Prod. f. Cale 3. e draw an oblique g perpendieular to 
1 2: given right circle. | 
” The Rule. 1, - Find the poles of the given right circle, by prob- 


1. Caſe 2. of the Spheric Geometry, in page 103. 
7 nnn ata da and it's done. 


ww ons = 232 = 8 


Example Plate 3: fig. 7- 
8 a 
given 


8 


A the center thereof 
BAD is a right circle — 
To draw an oblique circle perpendicular to the right circle 
BAD is required. 
a I. Take the chord of god. and lay it from B, or D both ways 
| to C and E, which are the two poles of theright circle BAD. 
2. With any diſtance, and one foot on C and E, draw arches 
to cut each other in X, the center of the oblique circle CGF, 
, uired to be drawn. 
ote, If AG be known, or limited to a certain diſtance, then 
;ts done drawing a circle through the three punQs C, G, and E. x 
Or 2. If AG be known quantity of degrees, then take f 
| the ſecant of its complement, and ſetting one foot on C, or Fg 
ö the other will croſs the given right circle, in the center of the 
86 required to be drawn. 


Prob. 5. Caſe 4. To draw an oblique — perpendicular to a 
given oblique circle. 


The Rule: r. Find the poles of the given oblique circle, by 
prob. L caſe 3. of Spheric Geometry, in pages 103, and 104. 
2. Thro' their poles draw a great circle, which will cut the 
primitive circle diametrically oppoſite, and it's done. 


Example. Plate 3- fig. 10. 


BCDE the primitive} _. A?-. a 

BFD an oblique þ circle and J & Fits center given 
To draw an other oblique circle, perpendicular to the oblique 
circle, BFD, is required. 

1. Find G, the pole of the given oblique circle BFD, by prob. 

1. caſe 3. of Spheric Geometry, in pages 103 and 104. 

2. Through G. draw the circle HIGK, to cut the primitive 
in H and K, and the oblique circle BED in I (fo that HAK is 
in a diameter) and it's done; for then BIH is a right angle, and 
the circles BIFD, and HIGKE, are perpendicular to each other. 

Note, 1. If the pun& I (in the given oblique circle) is given, 
then draw a circle through I, and the pole G, by prod. 4. of 
Spheric Geometry, in page 105, and it's done. 

Or, 2. If it be required that the ſaid oblique circle ſhall make 


à certain angle at the primitive circle, then draw a circle thro” 
Prob. 


©, rata in page 104. 


- 4 << LA Ce - — — , 
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Prob. 6. To lay any quantity of degrees on ang great cirele. 
In this * are three caſes. 


Prob- 1. Caſe 1. To lay any quantity of degrees on the primitive 


circle. 


The Rule. This is done by, or "BR the ſcale of chords. 
Example. Plate 3. fig. 8. 


BCD E the primitive circle, and A its center given. 
To lay 40d. zom. on the primitive circle from B is required. ' 
From the ſcale of chords, take 40d. 3om. and lay it on the 
primitive circle from B to C, and it's done. 


Prob 6. Caſe 2. To lay any quantity of degrees on a right circle. 


The Rule. This is done from the ſcale of half tangents, count- 
ing the beginning thereof to be the center of the primitive circle. 
Example. Plate 3. Fig. 17 | 
BCDE the primitive circle, and A its center 
BAD is a right circle — given ; 
On the right circle BAD, and from A, to hy 4 40d. 30m. or from 


B to lay 49d. 3om. is required. 
From the half tangents, take 4od- 3om. and lay it on BAD 


from A to I; or 49d. zom. the cont way of the half tan- 


gents, laid from B to I, or Aland /B together 
is equal to 90 degrees. : 


Prob. 6. Caſe 3. To lay any quantity of degrees on an oblique circle. 


The Rule. 1- Find the poles of the given oblique circle, by 
prob. 2. caſe 3. of Spheric Geometry, in pages 103 and 104. 
2. Lay the giving quantity of degrees on the primitive circle, 


by cafe 1- of this problem. 


3. Reduce it from the primitive circle to the en oblique 
circle by aw pole, and it's done. of 


* Plate 3. . | 
BCD itive : 
» BFD an oblique — — circle, and J Fits center given ; 


On the oblique circle EF D(from B)tolay 51d. zom. is requiredꝰ 
1. By V and A, den the diameter CAE, aps and find G the pole 
ofthe oblique circle by pr prob, 1. caſe 3. in page 103. 
2. From the ſcale of chords, sid game ane it onthe 
primitive circle, from B to H * 
3˙ 
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3. Lay a ſcale on G and H, to cut the oblique circle BHD mL, 

then is BI on the oblique circle equal to 51d. 30m. as required. 
Prob. 7. To meaſure any part of a great circle. 

In this problem are three Cafes, which are but the converſe 

of in the laſt problem. 


The Rule. Take the part required to be meaſured, and lay it 
on the Scale of Chords, and it ſheweth how much it is. 


7 Example. Plate 4. fig. 8. 
BCDE the primitive circle) and A its center given ; 
To meaſure BC, à part of the primitive circle, is required, 
Take the extent BC in the compaſſes, and layit on the Chords, 
which will ſhew how many degrees BC doth meaſure. 


Prob. 7 Caſe 2. To meaſure any part of a right circle. 


| WF ads 

The Rule. 1. If the part to be meaſured lieth next the center 
of the primitive circle, then it's meaſured on the Scale of Half 
Tangents, from the Braſs center-pin at the beginning thereof. 

2. Whenthe part to be meaſured lieth next the primitive circle, 
then it's meaſured on the Scale of Half Tangents, from go deg. 
counting 80d. to be 10d. 70 to be 20, 60 to be 30, &c. 

Example. Plate 3. fig. 7. 
BCDE the primitive circle, and A its center} . 
BAD a right circle — ? — —þ{F Swen; 
To meaſure Al, or B l, on the right circle BAD, is required ? 

1. Take Al, and lay it on the ſcale of Half Tangents from 

the braſs center-pin (at the beginning of it) which will ſhew 


how man 2 it is. > | 

2. Take Bl, and lay it on the ſcale of Half Tangents from 
god. backward, counting 80d. to be 10, and 70 to be 20, &c. 
ſo will it ſhew how many degrees Bl is. And, | 
Note, That Al, and B l, will make together juſt god. they 
being complements to each other. Sas | 
Prob. 7. Caſe 3. To meaſure any part of. an oblique circle. 
The Rule. 1. Find the poles of the given oblique circle, b 
prob. 1. caſe 3. of Spheric Geometry, in pages 103 and 104. f 

2. Lay a ſcale on either of the ſaid and the part deſired 
to be meaſured, and reduce it to the primitive circle. f 
ene 3. 15 


Cc 


110 Spheric Geometry. Chap. v. 
3- It being reduced to the primitive circle, it's meaſured on 
the Scale of Chords, as before in caſe 1. of this problem. 


Example. Plate 3. fig. 11. 
BCDE the Primitive? CAT. _ 
BIFD an Oblique 3 Circle and Tye its Center given ; 
you ure BI, and F I, on the oblique circle BIFD, is required. 


ind G the poles of the oblique circle BIFD, by prob. 1. 


abs of Spheric ITY. in pages 103 and 104. 
2. Lay a Cale on G and I, to cut the primitive circle in H. 
3. Then EH meaſured on the ſcale of Chords, is the meaſure, 


of BI; and EH on the ſame ſcale of Chords is the meaſure of Fl. 


Prob. 8. To meaſure any ſpberic angle. 


In this are four caſes, and this is, 
A general rule. A ſpheric angle is meaſured by the arch of 
a great circle, intercepted between the two containing ſides, the 
angular punct being the pole of that circle. Or the diſtance of 
the poles of the containing fides, is equal to the meaſure of the 
containing angle. 


Prob. 8. cafe 1. To meaſure an angle, when its angular punt? is 
the center of the primitive circle. 


The Rule. Such ſured (like 
the primitive . by o ial 2 8 
Example. Plate 3. fig. 8. 


BCDE the primitive circle, A its center, and the angular punct 
given : to meaſure the angle BAC is required. wy 


Take BC, and meaſure it on the Scale of ſhews the an- 


gle how muchit is, | 
Prob. 8. caſe 2. To meaſure an angle, when its angular pun i 


at the primitive circle. 
The Rule. 1. : Jing the poles of. Oy tmp corapag ſides by 
prob. 1. of ric Geometry, in 104 and 105. 
2. The di of thoſe two , is the meaſure of the re- 


quired angle. 
Note 1. 1 ˙ 
circle, ** 

| 2. When 


— 


FSB. 


2 


fa 


g. K 


Bl 
Be 
2 


A +» > *. 


4 


2 


r 7 2 


Sect. I. Spheric Geometry. . 11 
2. When they are not in one diameter, then reduce them to 
the primitive circle, rr 
the ſaid two poles, which di e being meaſured, on the ſcale. 
of Chords, is the meaſure of the required angle: 


8 Example. Plate 3. = | 
BCD primitive a 
BOFD as Clique 5 Circle, and J I Þ its Center given. 
To meaſure the angle EDF equal to the angle EBF is required. 
1. Through A and , draw a diameter to cut the primitive 
circle in H and I, and the oblique circle is G. | 
cc 
3. The diſtance AK, or Gl, meaſured on the ſcale of half 
(the latter the con way on that ſcale from god. 
hewerh how much the angle EDF or EBF is. | th 


Prob- 8. caſe 3. To meaſure an angle when its angular punt is not 
in the center of, nor at the primitive circle. 

The rule is thiiſſ ind the two poles of the two containing 

ſides, by problem 1. in pages 104 and 105. | | 

2. Reduce theſe two poles to the primitive circles, then mea- 


ſure the diſtance of them on a Scale of Chords and it's done. 


4 Reduce, is to lay a ſcale on the angular punct (requir- 
ed to be meaſured) and the faid two poles to cut the primitive 


circle. | 
Plate 3. fig. 8. 


BCDE the Primitive A? . | 2 

BGF D an Oblique— Circle, and Yi ts Center | > 

CAFE a * cuts the Oblique in F. y 22 
0 meaſure the angle DFEBFE #s required. 


t. Through A and Y draw the diameter IAH, and in it find K 
the pole of the oblique circle BGFD ; as before in the laſt cafe. 

2. Find L the pole of the right circle CAFE, by prob. 1. 
caſe 2. of Spheric Geometry, in page 104. | 

3. Reduce K to the primitive circle by laying a ſcale on F, 
and K to cut the primitive Circle) and its M: then LM meafur- 
ed on the Chords, ſheweth how much the angle DFE, or BFE 
is; one acute and the other obtule. | 


Prob. 8. caſe 4- To meaſure an angle when the containing fates are 


both oblique circles. 
| Example. Plate 3. fig. 12. 
CHEE an Oblique circular andy Y Fits Center given; 
BGFD an Oblique » » ou. hs 
To meaſure the angle DFE, or BFE is required? | 1. By 


— 


— 
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t. By A and , and A and X, draw two diameters; in them 
find I and K, the two poles of the containing ſides, by prob. 1. 
caſe 3. of Spheric in pages 103 and 10g. 

2. Reduce thoſe two poles I and K. (by laying a ſcale on the 
punct F, and them) to cut the primitive circle in L and 
M ; which being meaſured on the Chords ſheweth how much 
the angle DFE, or BFE is; one acute, the other obtuſe. 

| Prob. g. To draw a parallel circle. | . 

Definition. A parallel circle, or leſſer circle, cutteth the 
ſphere into two equal parts, and lieth parallel to a great circle: 
in this problem are three Caſes. 

Prob. g. caſe 1. To draw the parallel circle, parallel to the rin. ] 
tive circle, at any given diſtance from it, or from its pole. 

The Rule. With the half t of its diſtance from the 

and one foot on the center of the primitive circle, draw a 0 
circle, and it's done. 
Example. Plate 3. fig. 7. ] 

BCDE the primitive circle, A its centegyven ; to draw a 
circle parallel to BCDE, and 3od. diſtance it is required ? 
With the half tangent of 60d. (the complement of 30d. and) ; 
its diſtance from the pole of the primitive circle, ſet one foot in 
A (the center and pole of the primitive) and deſcribe the gggcle 

0 
0 


Im no, which is parallel, as required. 
Prob. 10. caſe 2. To draw @ parallel to a right circle. 


The Rule. 1. From the chords lay the parallel's diſtance from 

the right circle; or the-complement thereof, from the pole of 
the right circle both ways, and note thoſe two marks, on the | 
| | 4 | 


primitive circle. | 

2. With the tangent of the parallels diſtance from the pole of | 
the right circle, and one foot on each of thoſe two marks, de- 
ſcribe arches, to cut each other in the center of the parallel e 
circle required to be drawn. 


Example. Plate 3. fg: 7. 


BCDE the primitive circle, and A its center? 

| BAD as a right circle — — _— — * 

Tadraw a circle parallel to BAD at 40d. diſtance from it, or 5od. 
diflance from C, its pole is required ? | | 


1. Lay 40d. from B to p. and from D to q or lay its comple- 
ment 50d. from C both ways to the ſaid p and q- 


With the tangent of 508, and one foot on f Þ A make | f 
the arch y ; which croſſing at y is the center of the parallel circle 
W Fro, 


e 


— 
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Prob. 9. caſe 3. To draw @ circle parallel to an oblique circle. 
The Rule. 1. Find the pole of the given oblique circle 

prob. 1. caſe 3. in pages 103 and tog. which reduce to the A 

mitive citcle, and therefrom lay the parallels. Mace from the 

pole both ways, +Þs » abr aaa is the 
diameter of the parallel circ 
2. Find the middle of thoſe two marks which is the center of 


the parallel paſſing through thoſe marks, andit's done. 


Example. Plate 3. fig. 11. 


BCDE the primitive ve? circle and} & in center given ; 


BIFD an oblique 

To draw a circle parallel to BIFD, at 40d. diſtance from it, 
or 50d. diſtance from its pole is required. 

1. Find G the of ts hrs r circle MFD, by 
prob. 1. caſe 3. of Spheric Geometry 103 and 104. 

2 Meafure AG en the tai tingtons; ant OG its be Jod. 
then add 50 to it, and fubtra& it from 50; the ſum god. lay 
from A to k ; and the difference 20d. lay from A to l. Or 
thas, reduce G to the primitive circle, and from it lay 5od. 
1 — At aaleg xn 

3. Find m the middle between k and l, and on m as s center 
r 


circle required to be drawn. 
Thus much for Problems for the making and mea- 


ſuring ſpheric z which I adviſe the learner to acquaint 
himſelf with, and then the following applications will be the 
better underſtood. 


Section II. The oſs of the nine preceding problems, in making any 
ic triangle, and meaſuring its Herti; ; or the dofirine of 
y eos triangles "geometrical. 


Sphere or globe, is a round made by the 
D. A ving a ſemicircle about wa. by 
tilt 'the motion end þ wie it firſt began. The ſemicircle's di- 
ameter, is the axis, or diameter of the ſpheric; in the middle of 
which is a punct, called the center; from whence all right lines 
drawn to the 44" Tay or outſide of the ſphere are equal. | 
2 A ſpheric triangle, 5 
ſphere; whoſe fides are the arches of three great circles mu- 
tually interſecting each other z and is either —— rectan· 


or obliquangular. 5 
* | 3. A 


or nor any 


e, 1. In every ſpheric triangle, each ſide is leſs than 180 


| 2. The ſum of any two ſides is greater than the third fide. 
3- The three fides added together, their fum is leſs than 360 


4- The ſum of the three angles, is ever more than 180d. but 


leis than 540d. 
Jpheric triangle. 


ſides the reQangle muſt be given. 
7 8 295 ap 82 fig. I 
hypotenuſe 54d. 26m. 2 
The Jg BC r 


done in every Problem. 


the primitive circle, or at its center. 
Firſt, It at the center of the primitive circle, then, 


circle 
tance 


Will de an oblique circle, and it's done. Or, 


may be at the primitive circle. 


Draw (by prob. . of Sphetic Geometry 
24. Dr 
to a right circle, at 544. 2526 Giflance from & its pole. 


1. Draw (by problem g. caſe 1. of Spheric Geometry) 
parallel to the primitive, at 5$4d- 25m. (the given hypotenuſe) diſ- 
tance from its pole; that is, with the half tangent of 54d. 25m. 
and one foot on A (the center of the primitive circle) deſcribe a 


2. Then (by the 2d. caſe of the aforeſaid Problem) draw a 
lel to a right circle at 23d. 3om- (the given leg) diſ- 

it : theſe two parallel circles cut each other in C. 
3. Through A and C, draw a great circle, which in this caſe, 
is a right circle; that is, a diameter ; and from C, (by prob. 
5. caſe 3. of Spheric Geometry in page 107) draw a great circle 
cular, or at right-angles to AB; which in this caſe 


Prob. 10. 1 amd one leg given; to a 


Note, To make a rectangle ſpheric triangle, two things be- 


With them to make a rectangle ' ſpheric triangle is required 
1, Draw the eve cele with a chord of 60d. a fine of 
eee of god. and quarter it, which muſt 


Then conſider whether one of the oblique angles ſhall be at 


a circle 


« . Secondly, To make the triangle, that one of its oblique angles 
1. The circle being deſcribed, and quartered, as before di- 
J a circle parallel 


3. And 


be 
30 
th: 
cir 
mi 


8 


Ss. rr r 1 Y 


12 


* 
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3. And (by the aforeſaid Problem) draw a circle, parallel to 
the primitive'circle, at 23d. 30m. diſtance from it, to cut the 
former parallel circle in C. x | 

4. Then through Aand C draw a great circle, which in this 
caſe will be an oblique circle: and from C (by prob. g. caſe t. of 
Spheric Geometry, in page 106) draw a great circle perpendicular 
to AB; which in this caſe will be a right circle, and it's done. 


1 40 To meaſure the things required 
A — is meaſur- { WY 0 Os 
The angle, BAC and AC ed by prob. T 7 Page 109, f fo. 


Prob. 11. The bypotenuſe and one angle given; to make a triangle. 


Example. Plate 4. fig. 2. 
The Shypotenuſe AC 544. — ORE 

| © Cangle BAC 29d. 3om. — —_—_— 7 
With them to make a rectangle ſpheric triangle, is required. + 

Firſt, To make the triangle, that the given angle BAC may 
be at the primitive circle's center. > 

t. Having deſcribed the primitive circle, and quartered it, as 
before. direQed in prob. 10. make the angle BAC equal to 29d, 
zom. {by prob. 2. caſe 1: in page 104 of Spheric Geometry;} 
that is, from the ſcale of chords, lay 29d. 3om. on the primitive 
circle, and therefrom draw a line thro? A the center oft the pri- 
mitive circle. 


2. Make AC equal to 54d. 26m. (by prob. 6. caſe 2. in page 
r 


109. of Spheric Geometry ;) that is, from the ſcale of half tan- 
gents, lay 54d. 25m. from A to C. 

3- By prob. 5. caſe 3. in page 106, draw a circle from C per- 
pendicular unto AB, to cut the right circle AB in B; which 
in this caſe is an oblique circle, and it's done: 
| Secondly, To make the triangle ſo, that the given angle may 
be at the primitive circle. 

1. After the primitive circle is made, and quartered as before, 
let A be one of thoſe marks or quarters: then by (prob. 2. caſe 
2. in page 104.) make the angle at A equal to 29d. 3om- by draw- 
ing an oblique circle with the ſecant of the given angle, as is 
the oblique circle Ac. 

2. Then by prob. 6. caſe 3. in page 109, lay 34d. 25m. on the 
oblique circle from A to C. or draw (by prob. g. cafe 2. page 
110.)'a citcle' parallel to a right circle at '< 4d. 25m. diſtance 
from A it's pole, to cnt the oblique circle AC in C. 

3 By prob. 5. caſe 1. in page 196, draw a circle from C, 


endicular to the primitive cirele AB to cut AB in B; 


per | 
which in this caſe is aka „ and it's done. © 
| A To 


nn_ ..- + - 


_— T: ee . F 


- 
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Prob. 12; A leg and its adjacent angle given; to make à triangle. 
* Example. Plate 4. fig. 3 


od. 30m. 1 4 
| The Tante Bac 29d. deen 
With them to make a rectang — triangle is = 

. Firft, -— — that the given tngle 
be at the primitive circle”s center. 

1. The primitive circle being deſcribed, and quartered as be- 
fore, and A ee 
104 of Spheric Geometry) make the angle BAC eq 
29d. 3om- by drawing the right circle AC: 

2. By prob. 6. Caſe 2. in page 109 make AB equal to 50d. 
zom. that is from the ſcale of half tangents, lay 0d. 3om. on 
I circle from A to B. 

from B an oblique 


A F * N. 
cir pendicu to the right to cut 
circle AC in 0 and it's done. Or thus, 
From the ſcale of ſecanta, take 39d. 3om. the complement of 
4 wy ry _ one foot in B, the other foot marks 
out (on t : AB extend) the center of the oblique 
circle BC + — the triangle. 
Secondly, To make the triangle ſo, that the given angle may 
be at the primitive circle. 
r pt hunt wh _ co 
caſe 2. in 104) e the to 2 
by drawing the oblique cirele rage the frrade * 
2. By prob. 6. caſe. 1. in page 106, make AB (on the primi- 
SS 000000 from A 


to B. 
By prob. 5. caſe 1. in 106, draw a circle from 
B, perpendicular lar to AB, — ce to cut the ob- 
hque circle AC in C, and it's done. 
lex BC, Ae the things required. Ku 
The 7 —— iet . 5 in 
pages 109, 1 10 and 111. | 
e 13. A leg and its 0 e angle given; to male « ani le. 
s 3 fig. 2. he 
The 1 BAC ry zom. J given: 
zom. 
With a ee ee is required, 


Fin 


8. 


8 8. PHY 5 o 


FAS 58% =» 


5 2 


8 4 
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Fin. To make the triangle, with the given angle at the 
primitive circle's center. 

1. The primitive circle drawn, &c. as before, and A at its 
center, then (by prob. 2, caſe 1. in page 104) make the angle 
BAG eqarh 229%. goup:. by Jrowing two right circles AB and 


1 caſe 2. in page 115) u parallel circle, 
parallel the right ck AB, at 23d. om. A from It, 
Ws = ſe 06) draw obli 
rom C, (by prob. 5. caſe 3. in I an oblique 
cicele BC, pependicular to EAT 
DT make the triangle that the gen apgle be 
„To 

at. the primitive circle, =; a 1 
t. A being at * then 14 * exe 2. 
in 104) make the a equal to 30m. - 
ug K. ables carle AG. with the ſecant thereof. | 
2. By prob. 9. caſe 1. in page 111, draw a parallel circle, pa- 
rallel to the primitive circle AB, at 2 — gs from it, 
to cut the oblique circle AC in C. thus, with the half tan- 
gent 66d. 3om- (the complement of 23d. zom.) and one foot in 
Ar eee with the gthes cut the ob- 
ique circle in C. 


3. From C (by prob. 5. caſe 1, in page 196) draw fg. 


_ 1 the primitive circle AB to cut AB, 
in 
Tr | 


required, 
- Fis meaſured by prob. 1 4 


1 — 

I IE. Boren 
A being at the center of the primizive circle, draw the 
= and thereon (by prob. 6. caſe 2, in page 106) 


NING 8 go gum." — 


83 caſe 3. in page 105) draw an oblique 
TEES A” Or * 

m. (the t of god. 
, the other foot marks out (in the 


H 3 
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right circle AB extended) the center of the oblique circle BC. 

3. Draw (by prob. g. caſe 2. in page 111) a parallel circle 
parallel to the right circle AB, at 23d. 2K a} vx 
cut the oblique circle BC in C. Or thus, 

By prob. 6, caſe 3. in page 109. lay 23d. zom. on the oblique 
W B to C. 

4 Through A and C draw a great circle; whick in this caſe 
is a right circle, and it's done. 
Secondly, to make the triangle, that one of the oblique angles 
may be at the primitive circle. 

1. By prob. G. caſe 1. in page tog. make ABequalto god. 3om. to 
by laying the Chords thereof on the primitive circle from A to B. ral 

- 2. From B ( us > pag caſe 1. in page ro6) draw a great 
circle perpendicular to the . circle (which in this caſe is 
« right circle) as BC. 

3- Draw (by prob. 9. cafe 1. in page 111) a parallel <iecle, 

lel to the primitive circle AB, at 23d. Jom. "diſtance from 
ir, to cut the right circle BC in C. Or thus . 

From the ſcale of half tangents, lay 66d. 30m. the Coniple- 
ment of 236. om) from the Center of the primitive wel, on 
the right Circle to C. 

4. Through A and C, draw a great circle; which: in Scat 
is an IT circle, and it's done, 

TD To meaſure the things required. — 
ne fore hypotenuſe AC—— ? is — © Tin 
angles BAC, and ACB by prob. 9 4 8. 
TIO, 111. 
Prob. 15. Beth the angles given; to make a trianglic, 


Se 
ſc1 
th 
th 
Pr 


Example, Plate 4. fig 6. Tt 
BAC 29d. 30m. 1 
The angle ac 71d. —— 1 given 
With them to make a rectangle ſpheric triangle, is required. Pre 


I- By prob. 2. caſe 2. in page 104, make the angle BAC equa} 
to 29d. 3om, by drawing the oblique qucle AB, with the ſe 
cant thereof. 

2. Find I, the pole of the oblique circle AB, n x. caſe 
——_— eee 

rou rob. 3. in W an Circ 
IBE, that a vie ABC 2 ors — which will cut. the 
dblique circle AB, in B the rectangle, and the primitive circle in 


C, and ſo conclude the reQtangle wiangle ABC required to be 


| To meaſure the things required. 
The hypotenuſe AC and legs AB and BC, are meaſured by. 
e 7. eee eee in pages 109 and 110. 


. 568 4 


Wich them een trianghs (ſo that the fide AC may be lf 
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Thus all the caſes of ſpheric triangles may be de- 
ſcribed, and reſolved by. the laft fix problems. In like # manner 
the caſes of oblique triangles may — EAEIY 
the fix following. 


Prob. 16. Two frdes and an angle oppoſite given ; to make an ob- 


que ſpberic triangle. 


proud To make an — ſpheric triangle, three things muſt 


be gi 

ute alſo, The angle oppoſite to the other given ſide ought 
to be foreknown, whether acute or obtuſe : otherwiſe two ſeve- 
ral triangles may be made from the given things. 


Example. Plate 4- fi 
fide — AC wy be 7 \ 
. 


The 4 fide  — _ AD 65d- 20m. 

angle ADC 27d. 33m. 

With Gone (0 00 © WR (1s en he age ACD 2 
obtuſe) is required. 

x. On the primitive cirele woke AD (che given ſide j joining 

to the given angle) equal to * cale 1. of 


2. * 2. make the angle ADC eq jual to 27d. 
* by 1 the oblique circle DC, with the ſecant thereof. 
Draw (b * 2.) a parallel circle at 34d. om. 
iflance from . to cut the oblique circle DC, in C 4 
4. Through A and C draw a great circle, and it's done. | | 

To meaſure the things required. 


The 38 8 2. W i by prob. J 3 


* 


Prob. 17. Two angles and cnt |  oppaſite given ; to make an ob- 

ligue ſpberic triangle. 
Fxample. Plate 4. fig- 8. 
angle CA 30d. 48m. ) | 


angle ADC 27d. ICY 
ne Jungle ADE 274 ; 8m 5 a 


Pre — 
* 


an god.) is req wred. 

Bf dd 4 Ae 2 mike the angle ADC equal to 27. 
* (always the angle joining to the given ſide) by drawing 
the "Dre circle D 46 gi hy 6 

2 v prob. 9. A. A at m. 
deal B. to cut the oblique circle DE C.* | 
Hs 3- Then 


- DRY 


! 
? 
| 
[ 
. 
, 
[ 
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3. Then through C (by prob. 3.) draw a great circle to make 
an angle at the primitive circle, that may be equal to 30d. 
48m. as is the oblique circle CA, and it's done. 

To * the things required. 
ſides AC and ; 7 

The 2 B. meaſured by prob. 8 
Note, In theſe two laſt problems, the three given things 
without the quality of a fourth are not ſufficient to make a 


triangle : and the quality of the fourth is not always diſcovera- 
te by the given things; therefore they are called Doubtful 
ES. 


Prob. 18, Two fides and one angle between them given; to make 
DE an ob[ique ſpberic triangle. 
Example. Plate 4. fig. 9. 
ſide AC 34d. om. 
The 3 fide——AD 65d. 20m. > given. 

angle CAD 3od. 46m. 
With them to make a triangle is required ? 
1. By prob. 2. caſe 2. make the angle CAD equal to 30d 46m. 
by drawing the oblique circle AD with the ſecant thereof. 
2. Make AC on the primitive circle equal to 34d. o6m. and 
0 ted banded ode ade 


3. Through C and D draw a great circle, and it's done. 

þ | L 3 the things required. 
WC — 7 
The Hanges ACD and ADC $ is meaſured by prob. J 3 


Prob. 19. Two angles and one fide between them given ; to make 
TE | an oblique triangle. 


angle ACD 131d. 34m. 
The 3 angle ADC 27d. Jom: given: 
ſide— CD 38d. 28m. J 
Wich them to make a triangle is required? 
1. On the primitive circle make CD equal to 38d. 28m. the 
given ſide, by prob. 6. caſe 1. | 
2. At C (by prob. 2. caſe 2.) make the angle ACD equal to 
131d. 34m. by drawing the oblique circle AC; and at D make 
the angle ADC equal to 27d. 3om. by drawing the oblique cir- 
cle DA and it's done. gents | 5 
| To meaſure the things required. 


. I * 


C, and AD 2. 
The age and 


\ 


a — 


] 


Cc 
2 
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8 Prob. 20. Three ſides given; to make a triangle, 


Example. Plate 4. fig. 11, 
AD 65d. 2om. 


The fide 4 CD 38d. 26m. &given : 
AC 34d. o8m. 
With them to make an oblique triangle is required. 


1. On the primitive circle make AD equal to 65d. 20m. (the 
greater given ſide) ) by prob. 6. <Y 1. 


2. Draw (by prob. 9. caſe 2.) a parallel circle at 34d. 20m. 
diſtance from A, and likewiſe another at 38d. 26m. diſtance 
from D, to cut each other in C. 


3. Through A and C, and alſo D and C, draw great circles, 
and it's done. 


To 7 the things required, | 
t. Find (by prob. 1-) the poles of the three ſides of the tri- 
angle ACD; that is, E the pole of AD, F the pole of AC, and 
G the pole of CD. 


2. Through F and G (by prob. 4-) draw a great circle which 
will form a triangle EFG. 
gle EFG are equal to the angles of 


3- The fides of the trian 
the triangle ACD ; and the angles of the firſt are equal to the 
ſides of the latter, only the greater angle in the one, is equal to 
the ſupplement (of the greater ſide in the other) to 180d. 

'That is, the ſide EF 1s equal to the angle CAD, the fide EG 
is equal to the Bac 2 ADC, and the fide FG is equal to the ſup- 
plement to 180d. of the angie ACD. 

4. The ſide EF, EG, are meaſured by pro. 7. 


Prob. 21. Three angles given; to make a triangle. 


Example. Plate 4. fig 1 2. 
(CAD 131d. 3am. 
The angle 1785 30d. 47m. given; 
ADC 27d. 
With them to make an oblique triangle, is required 
1. Suppoſe a triangle EFG, whoſe ſides are equal to the angles 
of the triangle ADC; that is, the fide EF equal to 48d. 26m. the 
ſupplement to 180d. of the angle CAD equal to 131d. 34m. and 
the ſide EG equal to the angle ACD 3od. — ſide FG 
equal to the angle ADC 27d, zom. 
2. Then make the triangle "EFG of the ſides EF; EG and 
FG ; as before in the laſt problem. 
3. Find (by prob. gy yes of the three ſides of the tri- 
angle EFG; — is, A * the pole of EG, and 


P the pole of FG, 4 Through 
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4. Through C and D Nr which 
2 —— regu — 
0. me ft n 
The ſides AC, AD, and CD, — 
Thus much I thought ve to ſpheric tri- 
gonometry by calculation; that the might know how 
to make and meaſure a ſpheric triangle, or any of its parts; a 
thing not taught by many, — bones 
pretend to be teachers. 


Sekt. III. 9e 


Heſe Affections are to be minded, in order to the 
underſtanding what may de, and what may not be given, 
in the 


7. 


ka ig fo 
e — — a 
2. E t ci or globe, into two 
IDS 2 each other; the angles, 
nr 
4. e of any two fd (of a triangle) is greater than the 


"The fom of th thee {fie es isleſs than 504. 2 


more than 180d. 
6. Any two ſides added together, their ſum is leſs than the 
difference between the third fide and 180d. But 


Any two angles added together, their ſum is more. than the 


difference between the thi angle and 180d. 
7. In the rectangular triangle, the legs and their oppoſite an- 


gies are of the ſame aſſection ; that is, if a leg be more or leſs 


than a quadrant, > TI is likewife more or leſs than 


—_— 
a-reQtangular tri if one leg be a , the 
— ſhall Be « qundreee; ; but if both 1 of the kme 
uadrant ; abu a rar 


eQtion), the hypoteinaſe is leſs than a 
it's more, and the contrary ; that is, if each of the letze 


ind god hotly rants is kf Gear ood: beef doe 
be more than god. and the other lefs, — ety 


chan god. 
* ee } than 90d. one legs and its 
oppoſite 


” 
— 
. 
, "+ 
. 
_ 
' » 


8 


n 4 
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polo an vill be Pre em got, he ther may, or gr 


10. If both angles at the hypotenuſe are acute or obtuſe, the 


hypotenuſe is leſs than a quadrant, but if one be acute, and the 
other obtuſe, the — is more than a quadrant. 


11. In every triangle, greateſt ſides are oppoſite to greateſt 
angles, and equal fides to equal angles. 


12. Inevery Oblique Triangle two (Obe) Angles being equal 
their oppoſite ſides are equal, each | leſs : than aquadrant 


more 
acute 


13. If tee J abtue Angles are unequal, the ſide oppoſite 
to the Footer J angle, ſhall be * Fehana quadrant 


more 
14 If all the angles are acute, each fide is leſs than a quadrant. 
Theſe things being premiſed, their folution followeth ; and. 
firſt of Rectangular, in which are 16 caſes; and then Oblique- 
angular, in which are 12 caſes. 


Sect. IV. The ſolution of the 16 caſes of Reflangular Spheric Tri- 
| angles, by the lord Napier's catholic propoſition. 


a rectangular triangle, there are (beſides the right-angle) 
1.4. five things, which the lord Napier calleth the five circular 
parts of a ſpheric triangle, amongſt which, the right angle be- 
ing not reckoned, the two legs are ſuppoſed to join together. 

2. Any one ot theſe five circular parts, may, by ſuppoſition, 
be made a middle part, and then the two circular parts which 
arg next to that middle part, are the extreams conjun&. And 
the other (two circular parts), remote from that (aſſumed middle 
part) are the extreams disjunct. | 

3. In every caſe, two of the aforeſaid five circular parts, is 
(always) give to find a third; theſe three things (two given, and 
one required) of them, one is middle part, and the other 
two are extreams, either conjunct or disjunct. 

The parts of a rectangular triangle being thus diſtinguiſhed, 
obſerve the univerſal propoſition following, invented by the a- 
foreſaid lord, the inventor of Logarithms. 

il The catholic propoſition. 

'The fine of a middle part and radius, are recip propor- 
tional with the tangents of the extreams conjun&; and with 
the ſine complement of the extreams disjunct. That is, 

$07 ap I. For. extreams conjunf, thus; 
As radius, is to the tangent of one extream; ſo is the tan- 
gent of the other, to the fine of the middle part. And, a 
| 2.For- 
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. 2. For extreams dic umts, thus. 

As radius, is to the fine complement of one extream; ſo is 

the figs complement of the other, tn the fine of the mall par, 


Note ; When the middle part is to be found, the radius is the 
uſt term in the proportion, as above; but if either of the ex- 


treams be required, the other extream muſt be the firſt term, 
'That is, 


3. Por extreams conjunf, thus , 
As the tangent of the given extream, "qp«7 ſo is the 
fine of the middle part, to 1 


And, 
4 Por extreams disjun thus ; 

As the foe complement of the given bt. 
zs the fine of the middle part, to the fine complement of the fe- 
quired extream. But, 

Nets 1. That if the middle part, or either of the extrems 
conjun& be the hypotenuſe, or either of the oblique angles; in- 
fied! of Lane and of tangent, you muſt uſe the Wr © 9944 


and tangent complement, 
—ITiELE dai vl Tera,” 
13 conjunct and disjunct. 2 
| Number | Middle part Ext. conjunct 
n Tang. BC 
— — 12 BAC} 
| Tan. c. AC 


1 Tan. c. ACB 
Sine c. AC Tan. c. BAC 


| | — Dy 
4 Sinec. ACB | 
15 ar 
Fa 
s digunt 
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| Prob. 1. caſe 1, 2, and 3. The bypotenuſe, and one leg given; 


— The are to the given leg? 
— 


Example. Plate 4+ fig. 1. 
u. eee 
m. 
15 Hts 22 aer 
fi 10. 
triangle is 1 rigonometry 


— of the given leg; fo i is the 1 
complement of the hypotenuſe, to the fine 3 
eontained angle required. Or thus, 


Radius T. leg BC :: T, &-hyps t. AC - S. e. ACB 
T. 45d. T. 23d. 30m. :: 35 £ xa. - S. 18d. 16m. 
wich en ben Jud f 7 32 n. for the angle ACB re- 
0 Therefore the extent on the Gunter's Scale) from tangent of 
45d. to tarigent of 23d. 30m. reacheth from tangent 35d. 


35m: to the tangent 17d- 15m. againſt which on the line of fines, 
18d. 16m. the 4th term in the proportion above. 


Nute, the Hyp. and given leg. E 


than a quadrant, or god. the required angle is — 


2. For the angle BAC oppoſite to the given leg, the propor- 
tion is thus; 
3 of the hypotevuſe, is to radius; ſo is the fine of 
leg, to the fine of its oppoſite angle. Or thus; 
ys radius :: S. leg. BC ,. S. Angle BAC. 
$. hypo AC. S. god. 2 8 23d. zom. fine 29d. 30m. _ 
Therefore the extent (on the Guntet) from ſine 54d- 25m. 
RIES b from ſine of 236. zom, to ſine of 29d. 
3om. the fourth term „Aa aforeſaid. | 


Mov, the given ty e N the required 


| E angle is 1 acute 
apes 

wn the other leg ; AB. the | ion N 4 4 

E of the given leg, is to radius; 3 


of the kiyporetinſs: to the Ln Conf 
29 required leg; or thus; 


- 
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S. c. leg BC + Radius:: &. c. hap, AC. S. c. leg AB required. 


S. 66d. zom. S. god. :: S. 354. 35m. &. 39d; 35m. which 
ſubtract from go. reſteth 50d- 2 for the leg AB required. 

Therefore the extent (on the » Scale) from Sine of 66d. 
3om. to Sine of god. will reach from Sine of 35d. 1 Sine 


of 39d. 35m. the fourth term in the proportion 
n 5 


kind the required leg is Tae J nn . quadrant. 


Prob. 2. caſe 4, 5, and 6. 


r | 


fo rf Plate 4- fig, 2. 
In the triangle ABG rightavgled at By there i 5 
wa (AC Em leg BC and AB, and 

299. zom. angle ACBrequired; 
ye nth of Spheric Trigonometry 


_ For the leg BC oppoſite to the given angle, the proportion 


is | 
er 
angle, to its o — required. ; 
Radius . S. hipot. AC 8 BAC.S. Ng BC. ; 
S. god. . S. 544 25m. :: &. 298. 30m. S. 33d. 32m- 


8 2 Es . i er. 12 


I 
= 2 
3 


of the hypotenuſe, is to radius 
the given angle, to the tangent of 


of the given angle; ſo 
« 4rd re- 


1 e 
leſs than a quadrant, ber if me is leſs, 2 


e than a quadrant, 


1.30 796 1 6 . OS , d . 7 


3 'For 


. its adjacent angle 


8a. W. Oboe Fei — 227. 
Far the eifar any» ACK, the ion is this; 
the Tan of given angle is to radius 
fois the Sine tof the hypotenuſe; to the T 
Complement of the other angle required. Or thus; 
nne Comploneie of the bypocenute; ſo 
r to the Tangent Complement 
of the angle req That is; 
8 2 T. angle BAC. T. c. angle ACB 
5d. 35m- :: T. 29d. 30m. T. 18d. 1om. 
. go. refs 71: L om. for the angle ACB. 
hy + When each thing is ſs, or more than god. the 
required angle is acute : { Soc whes ae & indi, and the other 
leſs, it's obtuſe. 


Prob. 4. caſe * 8, and g. A leg and its adjacent _ given- 


TofntY ETD oppolteto the given jeg 
wich ple. Plate 4- fig. 3. 

. chew in 
zom. leg AC; _ ACE. 


7. For the leg BC oppoſite to the given angle the proporti- 
he wan een of the given angle is to radius; 
ſs is the ſine of its adjacent leg, to the rangent of its oppoſite 
required. Or thus ; 
an ſo is the tangent of 
to the tang. of its oppoſite leg. That is; 
Radius S. leg. AB:: T. angle BAC = T. leg BC req. 
S. god. -S. 50d. Jom. :: T. 299. 30m. T. 23d. 35m. 
Note, The given angle acute, the required leg is lefs than a 
quadrant, but when obtuſe then more than a quadrant. 

2. For the angle ACB, oppoſite to'the gven leg, the pro- 

is; 

As radins, is to the fine complement of the given leg ; ſo is 
the ſine of its adjacent angle to che fine complement of its op- 
poſite angle required. That is, 

Radius ** Sc. Fe. leg AB 2 S angle BAC = Sc. angle ACB req. 

ST - S. 39d. 30m. :: S. 29d. 30m. S. 18d. 12m. 
whoſe ol com — is the angle ACB. 

ofe ; given or more than the angle requir- 
r 25 * 

a 2. For the hypotenuſe the proportion is: 
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As the tangent of the given leg, is to radius, ſo is the ſine 
complement of its adjacent angle, to the tangent complement 
of the required hypotenuſe. Or thus; 

As radius is to the fine complement of the given angle; ſo is 
the tangent complement of its adjacent leg, to the tangent com- 
plement of the hypotenuſe. That is; 

Radius * Sc. angle BAC :: Te. leg. AB. Tc. h AC 

S. god. S. God. zom. :: T. 39d. 3om. T. 35 38m. 
whoſe 1 22m. is the hypotenuſe A | 

Note ; When thing is leſs, or more than god. the hypo- 
tenuſe is leſs than a q t, but if one is leſs, and the other 
more, then the hypotenuſe is more than a quadrant. 


Prob- 4. caſe 10, 11, and 12, A leg and its oppoſite angle given; 

x leg þ adjacent to the angle; 

Told the Z angle F 7 Swen eg? 
3 hypotenuſe. % 


Example, Plate 4. fig · 4. 
In the triangle BAC, right-angle at B; there is 
. 233 23d. 30m. ) leg AB, angle ACB, and 
Swen Tangle BAC 299. 3om. 5 hypotenuſe AC required, 
This triangle is made by prob. 13. of Spheric Trigonometry 
a 


leg AB adjacent to the given angle, the proporti- 


1. For the 
on is this : 

As radius is to the tangent of the given leg; ſo is the tangent 
complement of its oppoſite angle to the ſine of the other leg re 
quired. That is; 

Radius T leg BC :: Tc. angle BAC . S. leg AB required. 

T. 45d. T 23d. 3om. :: T. 60d. 3om- + 50d. 25m. 

Note; If the unknown angle be acute or obtuſe, the required 
leg accordingly is leſs or more than a quadrant. 

Or the hypotenuſe and given leg, each leſs or more than god. 
the required leg is leſs than a quadrant, but if one is more and 
the other leſs, its more than god. 

2. For the angle ACB adjacent to the givea leg, the propor- 
tion is this; 8 | 

As the fine complement of. the given leg is to radius; fo is 
the ſine complement of its oppoſite angle, to the fine of its ad- 
jacent angle. That is, | | 

Sc. leg BC. radius :: Sc. angle BAC + S. angle ACB. 

S. 66d. 2 S. god. :: S. 60d. 30m. & 71d- 48m. 

Note, If the hy potenuſe and given angle be each leſs, or more 
chan god. the angle required is acute; but when one is more 
and the other leſs, its obtuſe. ' | Or, 


3 


re 
Ire 
Ir, 


Sect. IV. nene a9 
Or, the leg adjacent to the given angle being leſs, or more 
than god. accordingly the angle required is acute or obtuſe. * - 
3- For the 5 AC, the proportion is thus; 
As the fine of the given. angle; [is 3 — ſo is the ſine of 
m_ leg, to the ſine of the | 
S angle BAC + radius :: S. leg 
S. 29. 30m» &. god. 2 8 234. 3om. | 
Note, It both legs, or both angles be ot one kind, — 
nuſe is leſs than a quadrant, but if they be of different kings, the: 
hypotenuſe is mere than a quadrant. 
Prob. TO ns r s find 1. either of the 
2. 
Example, Plate 4. fig · * 4 
1 B.5od ang] RAG -—w#Þ 
AB 50d. e or A 
e Jon. . ws 
"triangle is made W Spharic: Trigotometry 
Geometrical: : | | 
1. For db ofthe® Wies the prapeetioncis' ERS +; 
As the tangent of dne leg is to radius, ſo is the fink of the 
other leg to e-vengent candplenattes thearyht oppekce eo the 
firſt leg. Or thus, 
As radius, is to the ſine of one leg; fo is eee em- 
plement of the other leg, to the tangent. complement of the 
to the laſt leg That. is, * 7 
adi us · S. leg AB :: T. "keg BC = T. . angle BAT. 
S. god. T. od. 3m. 3 T. 56d. 3am. . T. 60d, zym whoſe 
complement is-294 25m. is the angle BAC, alſo it is, 
Radius Sg BC= T. c. legABz* T. c. angle ACB 
S. god. S. 2d. zom. :: L. 39d. 30m. T. . 45m. whoſe 
complement 7 id. 45m. is the angle ACB. - ; 3! 
Note, If the leg oppoſite to the required angle be leſs than A 
dus eng the angle ſought i Is: anne but when greater, then 
it's obtuſe. 


2. For the h potenuſe, the proportion is thus ; 
As radius, is to the fine complemeht _ eg; s.the fine 
t of the other leg, to the ſine edinplemb | of the 


hypotenuſe. That i 2 
Radius c. * « © N 8. © kypotdadfe AC. 


— ILY Fins. 3 8-4 Sd. 30m. S. 8d. dom. & hoſe 
4d. 20mm. is the potenuſe AC. 
2 If both legs be of one kind, the hypotenuſe is leſs than 


a quadrant,” but when of different kinds (that is one leg more, 
the other leſs than a quadrant 3 then the hyporefiuſe is more 


than * z 
x | nn * 9-ES Prob. 


2 


= Sphoric Trigomumerry Reflanguler. | wv. 
es aud 16. Both the oblique angles 


- 


x. "either of the legs 7 e * 
Plate 4- 


* * E | l 6. 
"locks ABC, light caged at ; theres given 
Jo. TIE AB or BC, and 
Angle — 710. by 5 275 required 
- This made Prod 1 Sphenc 
triangle is 5. rigonometry 


1. For either of the legs, the proportion is thus ; | 
An the Ene of one angle is be u; ſo is the ſine 


ment of the other angle, to the fine complement of its oppoſite 


leg. That is, 
S. angle r 


S. 29d. om S. god. 1: & 18d. 
«hoſe cortplement 48 1m. ia the leg AB; 
8-angle AOB — BAC „e ley BC. 
S. 71d. 36m. A 4 : 8. God. dom. 5 66d. 36m, | 
whoſe com — 
Note, H oppoſite to the required 
ee ir ob e wee 
quadrant. 


= Forthe hypotenule, the proportion is thus; 

complement of one Angle; fo 
the other Angle, to the fine com- 
uſe. . That is, 


7 v4 4 Ty 


de acute, the 
22 


FFP » 2, K 2 8 #$#: 


- 


angle ACB = Sc. bypot. AC. 
Jen. | 


Take — 184: m. 8. 
. 25 m is the hypotenuſe 
angles of one kind, the hypotenuſe is leſs than a 
quadrant; ; dar wks when of difevent kinds, ir's morethars quadrant. 


S Fur axioms, by wich the 12 fer of oique ang . 
- + [Nall trian the ſine of their ſides 
N 2 G 

TR  ... 

1. As. the ine of a ſide; is to the ſine of its oppeſi angle ; | 
ſo is the ſine of another fide, to the fine of its oppoſite i= ang 8 
2. As the fine of an angle, is to the fine of its appoſite fide ; 
-foisthe fine of another angle; to the fine of its te ſide. | 
* GRE ES: 'As the five. of half the lum the two ſides 
(ranting an. angle) is to the fine of half their difference; 

So 1s tangent complement of half the contained 
| '9the tangent of half th deren of he other two angles 


N 
** 
: 3 
; | 


a» OT Owu=D 


* 


ws 


* | ph eee our. 3 
of half the ſum of two ſides 
1 to nr Zur 


tangen t complement of half the contained angle, 
5 n. 
7 is | ne um 13 
5 A cher teriacent fte —— 
is t t ipterjacent to 
e robe ooher bee bes Again, 
ly, As the be Le frm few 


Axiom 4- As the reftaogle of th ne ofthe pro e 


the ſq 
e the fines Ale hg omg 


= ner of bi ee wie angle 


EX ation und uſe of theſe 2 will find in 
5 


> ay angle ACD being obtuſe Y - 
5d. 20m. de CAD: «ome +2 2 
d. zom. I ſide —_ — 
e is made prob. 16. Spheric — | 
© gle 7 _ 
1. For the eppoftte angle Ach, the proportion by Axiom 
1. is thus: | 
"" ACHE fie of the fide AC; is to the fine of the angle ACD. 
. . 
TP 
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2. For the contained angle CAD (having before found the 
2 209, the 8 by Axiom 1 


As the ſine of half the difference of the ſides AD and 
to the fine of half their ſum; ſo js the tangent the ke 
ference of the angles ACD and ADC, ko the tangent comple: 
ment of Raff the angles CAD. And, 

3- For the third fide CD (baving found the oppoſite zügle) 


the Proportion by Axem 3. Part 1- inverted is thus ; 
As the ſine, of half the difference of the angles Ac, and 
ADC, is to the fine of half their ſum; 
Sq is the tangent of half” the difference of the ſides A ane 
RO NOD pe” 
1 m 
Side AD 65 2 ang.A/ 
Hy. 72 27 ont 2 ym, is 159.0 2 
. 734K. is 104-05 ez BO2 
8 Fa ir ſum:: T. 7 KE angles - T. c. 3 CAD 
ee 5.4 —— © 10h 4 
ich ſuberskt from 
Remainder is 4 the angle CAD— — 5 8c. 
Which being doubled ——— Id. 20m 
Produteth the angle CAD. N 40m 
S. 1 diff. angles S. their ſum :: T. 2 8 . CD- 
S8. Sad. om. v. fl. 3am 2 T. 25d.36m- + 19d- 12m 
hich being led — — — — 12m” 
' Produceth the required fide CD-——— — — d. Am. 


2. interjacent, x ſide between them 
3 age rw row le IL: 17x 
vppoſite fide be foreknown to be more, 87 #4. quads 
Example. Plate 4. hg. 3. 4565 


ACP; ere is given. | 


2 
50 "OY 2 
4 


. eee dle AG, the vo Ele Ye 
"s — ann CAD, is to the fine of the 
| 1 to the fine of the fide 


52 


22 f F be, egen g. . > . 1 er 


* 9 * wn 7 F : . 
”./ — erm. .- * oO 
, — | » - 
* 
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S. angle CAD -- S fide CD:: S. angle ADC - S. fide AC 
S. 30d. 48m. S. 38d. 28m. :: 27d. Jom. S. 34d. Om. * 
2. For the interjacent ſide AD, (having firſt found the op- 
poſite fide) the proportion by Ax. 3. Part 1. inverted is thus; 
As the fine of half the difference of the angles CAD, and 
ADC, i is to the fine of half their ſum; 
So is the tangent of half the difference of the ſides CD and 
AC, to the tangent of half the fide AD. And, 
3. For the third angle ACD, (having Grit found the oppoſite 
ſide) the Proportion, by Axiom 2. Part 1. inverted is thus 
As the fine. 2 half the difference of the ſides CD and AC, is 
to the fine of half their ſum; 
So is the tangent of half the difference of the angles CAD 
and ADC, to * 9 of half the angle 3 


d. m. 
CD38. 28 
AC 34-06 d. m. 
ITS 5 {fu i 836.17 
diff. oi ·3 0422 2 


9 8. J their ſum :: T. 4 diff. S. Tc. £ AD. 
S. oxd. 3am. S. 29d; om. :: T. 026. Im. -T. 32d 38m. 
. Which being doubled — — 2d. 28m- 
Produceth the interjacent ſide AD to be — 55d. Tom. 
Sack fades © &. S their ſum :: T. L diff. angles . Te. $ ACD. 
S. 02d- im. -S. 36d. m. :: 1 o1d. . * 24d. 14m. 
Which ſubtra& from 90d. oom. 


Remainder is half th 3 ACD — —65d- — 
Which being dou — 65d. 46m - 
Produceth angle ACD to be — — 3344. 


| > In the fix preceding Caſes, the three given terms, 
ithout the quality of a fourth are not ſufficient, —— one 
ſingle anſwer may be found; and the quality of the fourth is 
not always diſcoverabſè by the given terms: therefore they are 
called the fix doubtful caſes. 


* 


| Problem 9. caſe 7 and 8. 

Two fades and one angle between them given ; "to find 
1. Bieber of the other angle; 
2. The NN get" or fide "pps e to the given angle, 


late 4. fig. 9. 
u o oblique 8 ACD; there is 


ſide AC © 34d. om. C angle ACD ar 

fide AD 65d. 20m-< angle ADC and required 

egen god. 46m ide CD's - 5 
13 This 
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This ttiangle is made by problem 18. of Spheric Trigondrne- 
try Geometrical, in page, 120- 
For the angle AC > OT AC, i genes (by AE 2, 
is thus ; 
d. m d. m. 


Side AD 65. 20ſan > CAD A Y 


vide AC 4 Of | he _ 37. 
Sum of fides 99. 99 Þ the 4 From 4 * is A 40. 17. 
Differ. ſides 3114 I ff. 15. 370 74. 23 
8.3 dun AB AC - 8 . T. c. end Tadiff. an. 


As 8. 40d. 43m. = S. 13d. — : T. 74d. zam. T. 52d. oam. 


As Sc. ſum ſides *- Sc. their UT . T. c. CAD- T. ſum angles. 
As S. 40d. 1m + S. 34d 23m- :: T. 748. 37m. = T. 79d. 32m. 
To it add the half difference found above — 2d. Ham. 
The ſum is the greater angle ACD — . Zam. 
And being ſubtracted, is the leſſer angle ADC——27d- om · 
Note, If the ſum of the two contained ſides exceeds a femi- 
circle, then ſubtrg& each fide from 180 degrees, and proceed 
with thoſe remainders as with the fides given; the proportion 
the complements of the angle required to a ſemicircle. 
For the third fide CD, or ſide oppoſite to the given angle, as 
alfo i in caſe 10. following, the proportion (after the work above 
is mg Gove To A* y Axiom 1. Or it may be deduced 
from t apier's Catholick propoſition by a given perpen- 
dicular, let fall — one end of the leſſer Gen ode to the 
greater ſide given, reducing the oblique triangle, into two rec- 


tangulars) which finds the fide oppoſite to the given angle at . 


two proportions, withgut eng the angle; and it's thus, 
1, As radius is to the fine com of the contained an- 
ge; ſo is the tangent of the leſſer given ſide to the tangent of 
a fourth arch. 
py Then, if the contained angle be acute, ſubtract the fourth 
arch from the greater given fide, but when it is obtuſe from 
the ſu pplement thereof to 180 degrees, the remainder is called 
the Reſidual Arch. 
2. As the fine complement of the fourth arch is to the ſine 


complement of the Reſidual Arch; 
So is the fine ment of the leſſer given ſide, to the ſine 
complement of the re quired. That is; 


2 - Se Angle CAD =: T. fide AC T. fourth arch | 

As S. god. «+ S. 59d. 14m. :: : S. 344. om. - T. 30d.12m. Which 
deing from the fide A5 ——-63d. om. 
N the e eee 


rr t rg 445 rere. wa +» 


J 
” *%.4 


* 
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As Sc. 4th arch . S c. refid. arch. : 8. c. fide AC S. c. fide CD. 
As S. 59d- 48m. + S. 54d- 52m :: : 8. 55d. 54m. — S. 51d. ue 
Whoſe complement 38d. m- is the fide CD 
Note, When the con angle, and TT arch, are 


each leſs, or more than 90 degrees, the fide fought is left than 
2 quadrant. Sor whes encls nerCand the ether Teſs, it's more 


than a quadrant. 
Problem 10. caſe 9 and 10. 


7 and between them n 
1. . * 


„the proportion 
The fide CD 38. 
2 27 N 3 

„ pf a 7-32 8 
Difference is e 3245 com. } 37- 58 
ASK fan. nag GT. een. T. F diff. ſides 
As 8. 798. z. 8 $2. 0am 19d. 14m.” T- 15d. 38m, 


en again, 
S. c. q ſum ang - Seed TG CD - T. fam fades, 
As S. 10d. 28m. . S. 37d. 58m. :: T. 10d. 14m. + T. 49d. 45m. 
To it add the difference found above. — r5d. 38m. 


The ſum is the greater ſide AD 
And being ſubtracted, is the leſſer fide AC — 
Note, If the ſum of the two given | 
then ſubtraꝭ each given angle from 180 
with thoſe remainders as with the angles 
will uce each 
For, the angle CAD, the 8 
the proportion (after the work above is done) may 
g Or from the Catholick Propoſition (by a 


172 3. is thus; 


given; 


82 plement to 180 degrees. - 


"Then, if the interjacent-fide be more than. a 

SO I 
t 10 <p the emain- 

der is the reſidual arch: — | 0103} ee dd N 


* - 
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2. As the fine t of the fourth arch, ig to the fine 

complement of the reſidual arch. 

So is the fine complement of the leſſer given angle, to the - 

finec tor the angle required: That is; 

As radins + S. c. fide CD :: T. angie ADC T. Ich arch. 7 | 

As S. god. -S. 51d. 32m- :: T. 27d. 30m. + T. — 226. 10m. 

which ſubtraQ from (the fuppl. of the ang- ACD}-— 48d- 26m. 


The remainder is the reſidual arch — — — 26d. 16m. 
Then, | 
S. c. 4th arch + S. c. reſid. arch · :: S. c. ang. Ac Se- ang. 
CAD req. S. 5d. om. S. 63d. 4am. :: S. Sad. 3om. S. 5d. 12m. 
whoſe completnent 30d. 48m. js the angle CAD 
Note, Then the interjacent fule and reſidual arch, are,each 
leſs, or each more than god. the angle ſought is acute; but 
when one is more and the other lefs, it's obtuſe. 
Problem 11. caſe 11. Three fides giuen n 
la the oblique crtrbgle ACD thre is given; 
the oblique trian is 
| AD 65 * 2 222 | 
The CD. 26m. C an "on 
3882 2 8 CAD, __— | 
| This e 4 by Problem 20- of Schelte T rigonome- 
try Geometrical, in page 120, 121- | 
The reſolution of this and the following caſe 
2 obſerve theſe direc- 


— Ml che thine Glee ending and. from their balf ſum ſub- 


add the kde oppolit to the 3 * ** not the 


2. Toi the 


2» 3» 


r required vel fu 
| 2 8 . 


8 
25 Side jar: 3 { che contlining fide, 1 
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In like manner may find any other an logarithms, 
7 Bur Gy Gunners habe fg, 
, 1. As radius, is to the fine of one of the containing ſides; . 
So ia the fine of the other containing ſide ta a fourth ſine. 
: Then, 
2. As that th fine is to the ſine of thehalffum of the three ſides, 
So is the ſine of the remainder, to a fifth fine; againſt which 
18, A” 
As radius · S. fide CD :: S. fide AC · a fourth fine. 
As S. god. S. 38d. 26m. 2 S. 24d. Om. n 


Then again, 
As fourth fine & ſam fades e a fifth fine. - 
As S. 20d. 26m. 57m. 03d. 37m. S. gd. 43m. 
againſt which on the line of verſed fines, 1s 131d: 3om- the any 
ET Oe 


SV. 


— 


Problem 12. caſe 12. The angler given t bu. 
Example. Plate 4. fig. 12. 
In the oblique triangle ACD; there is ven the 
ACD Zod. 47m. CD, or 
Angle 4 ADC 27d. 30m. + 6 AC, or 
* CAD 131d. 34m. AD, required. 
This triang * 2005 of Protein 21 ic Tri 
Geometrical, in page 121. — * r 


This caſe is likewiſe performed by the directions in caſe 11. 
the angles being accounted ſides, and the fides angles; and then 


taking the ſupplement of the greater (given) angle to 180 degrees. 


For the fide AD, the operation 1s thes ; 


d. m. 


18 CAD 48 26 S. co- ar. 0128992 
Angle ADC 27 — the adjacent angles 8. S. CO. Ar. 0.335595 


Angle, ACD 30 47 | + ſum ang. 53d. 21m. S. —— 9.904335 


Sum is + 100-43 remainder 22d. 34m. $. —— 9.584057 
F Sum is ] ſum of the 4 logarithms is 19.5495 


r — 70 45 8. f ſurns 9.974989 


RemainderistheGdeAD: 38-30 
ihe mater may ny other fide be + ſound by beine 


"i N ; a A 
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1. As radius, to the ſine of one of the adjacent 
the fide required) fo is the fine of the other adjacent 
fourth ſine. 

z Then 6s » fourth fine, is to the fine of half the b of 
| three angles; 

So is the fine of the remainder, to a fifth fine ; againſt which 
onthe ins of verſed fines is the fide required. | 
As radius 8. fap.. CAD :: S. angle ADC, a fourth ſine 
As S. god. „ S. 27d. zom. -- S. 20d. 1 3m. 


again, 
As fourth ſine S. ,  furn angfes :: S. remainder - a fifth ſine 
As 8. 20d. 13m. S8. f 3d. 21m. :: 22d. 34m. - & 20d. 13m. 
againſt which on the line of veried fines is, 39. Jom. 
tze fide AD as above. ; | 
we {ng Seca bevy 
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*. CHAPTER VL 


Containing the deſeriptio and uſe of the Gon ts. 


Aving finiſhed Spheric Trigonometry, it remains to ſhew 
H Great Circ and Aſtrono- 
; in order to the of theſe, it's 


2 Sl 22 the Nature and Uſes of the 

| which I will endeavour to perform briefly and plainly. 
Section I. The deſcription and uſe of globes in general. 

Globe, as to its name and figure is ſo generally known 


that its needleſs here to ea mathematical definiti- 
on of it; but as to the kinds 


<* 7 


Place this next after Page 138. 
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with anotch, nut and ſcrew at one end; it's divided into god. 
which ſhew the almicanthers, or circles of altitude, atid the 


Terreſtrial Gtobe. 


FR HE Terreſtrial Globe hath on the ſuperficies of ats 
. the whole form and faſhion of the earth and fea, deſeri 
ed; with the circles of the ſphere, as equator, meridians, tro- 


In order to a clear underſtanding the uſe of this globe, obſerve 
theſe following geographucal definitions. 8 | 
1. The Earth, together with the water, that 


round body called the Orb, or globe of the earth, which is de- 
eriban. by Lanes real and imaginary. 2. The 


8 - 
F 


fo 


a WY N Uſe of the Terreftrial Globe.” Chip: VI. 
2. The Real Lines are ſuch as agree to the terreſtrial Globe, 
by. nature, and ſo divide 1t into continents, iſlands and ſeas 3 the 
applied to it by virtue of our 


4. The Circular Lines are either gredter,. en the Meridian, 


Horizon, Aquator ; or lefler, as Tropics, Polar, = Paral- 
lels of latitude. 


CH Meridian, is a ciocls paffing through the pgles of ine earth, 


the zenith and nadir crofleth the equator at right and 
divideth the earth into two equal parts; one caſt the other weſt. 
it's ſo: called becauſe when the fun cometh to the meridian of 
any place, it's then noon, or mid-day there; they are infinite 
in number, for that t all places from eaſt to weſt have their ſc- 


veral meridians. _ 
called the Fit, or Chief Meridia, from 


bs 


IT 
: 


: 
1 
He 


121 


under the horizon). — it's either ſenſi- 


onal. 

— 
F 
dag ed dividing the heavens into two unequal parts; 


t 


(tying 


a 


by 
75 
5 
i 
VE | 


ing 
, far, moon and ſtars doth a Ts repreſented wn the globe 
r part of the ON — 
Ne, Meridian and Horizon z are moveable with the 


mutation of places. 


7. The Eqtiator; he- under the equinoBial in the heavens, 
the earth in the middle between its two poles, di- 


1 the northern, and ſou- 


_ thern 


Lr 


S rt e zit reit 


8. 
88 


8. 


Say 220. 


r 


either north or ſouth: this circle is 


6 


S d of the Terreftrial Clbe. M 
fro ĩt the latitudes of reckoned, 

4 double, or treble line, divided into 360 degrees, and 

from the left-hand rownrds the right, rl 


to it, which is twice a year (viz. about the 10th of March, at 
* 

ember) he makes eq ys ts throughout the 
— And aps it is writ in capital letters Lines fub Aaui- 


noctiali. 

8. The Leſſer Circles, deſcribed on globes, are called Paral- 
lel-Cirches, ſome of which have particular names, as Tropics 
and Polar Circles. 
| 9. The Tropics are two, being parallel to the equator, and 
nnn That on the north ſide of it, is called 
the Tropic of Cancer, 8 the ſun hath his greateſt north- 
dechnation: then to us (and all in north-lati- 
tude) the longeſt day, and ſhorteſt night; which is about the 


lich of June: the other on the ſouth-ſide,-is called the Tropic 


of Capricorn, at which the fun hath his ſouth declina- - 
tion, making then our ſhorteſt day and longeſt night, which is 
about the 12th of December. Theſe Tropic have their names 
thus; _ Tropicus ſub Cancro, and Tropicus ſub Capricorno. 

- 10. The Polar Circles are two, being alſo parallel to the =- 
quator, and compaſſing the poles of the world at 23d. 3om diſ- 
tance: that about the north-pole is called the Artic Circle, and 
the other the Antartic Circle, and are writ thus ; Circulus fub 
Artico:Polo, and Circulus.fub Antartico Polo. 

Theſe Tropics, and Polar Circles divide the globe of the earth 
into ſlue parts, called Zones :! of which three were accounted 
the ancients to be ſo intem e as to be uninhabitable call 
ing them Torrid, Frigid, and Temperate ; that is one Torrid 
Tone, two Temperate, and two Frigid or frozen Zones. - 
11. Tbe Torrid Zone; 18 ee 
Tropies of Cancer and Capricorn. 7 8 

2 The two Temperate Zones are contained owes en 

topic, and a Polar Circle. 
enn 
; that is, one within the Artic Circle, and the other 
compaſſed by the Antartic. | 
3 of the Knaginary Lines, and parts of the eafth : 
that goal yours; *. general divided into four 
; called Europe, Aſa, Af Africa, and America; 


Lach of thefe, and conſequently the whole globe, is divided in- 


— What, end | 
665 ge 6: De 69S WOULD. 7 "EP 


. * 
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14 A Continent, is u greater quantity of land, not divided 
the ſeg, wherein are many kingdoms, and countries 
: as Europe, Aſia, and Africa in one continent, — 


Ia Continents, and Ifands, are theſe parts obſervable; vi. Pes. 
inſula, Iſthmus and Promontory. 

16. Peninſula, is fuch a part of land as is eee 
round with water, and is joined ou the land by an Iſthmus, as 
the Mores in the Levant. 

17. An Iſthmus, is 2 narrow. neck of land between two. ſeas, 
which joineth the Peninſula to the Continent; as CorinthinGreece. 
18. A Promontory is a high hill, mountain, or cape of land 
that ſhooteth it elf into the ſea as Cape de Verde, and the 
Cape of Good Hope m Africa.. 

19. A Place in reſpect to the Heavens, is cither-eaſt, welt 


north or ſouth. 
. Thoſe places are faid to be eaſt, which lie in che eaſtern 
n (terminated by the firt-meridian) or where the fu 
et 
n 
towards the ſeiting — a 


The ancients — the inhabitants of ans 
Perizeci, Antizci, and Antipodes. Ck 
20. The Perisci, are ſuch as live under the ſame parallel but 
in oppoſite points of it ; that is, they ace in the ſame latitude, 
- Ki their difference of longitude is 180 
21. The Amici, are ſuch as have the A cine 
y diſtant from the equator, but the one north, and the 
other ſouth: that is; two places in one „ and each 
equal in latitude ; one in north and the other in ſouth latitude. 
22. The Antipodes, are ſuch as inhabit two places of the 
earth, which are diametrically oppoſite one to che other : that 
is, two places, whole difference of latitude * is 
each 180 degrees, and ſuch walk feet to feet. 

'The-Eanth being enc with Water, whoſe wekkings 
is. fermantieg the dry land, cut out and ſhape many winding 
Hays, Creeks, meandring Inlets, giving terminations to the 
Lour regions of the and extending it ſelf round them all, 
is but one continu ocean. Wherefore, 

The Water is cither Ocean, Seas, Straits, Creeks, Lakes, 
Rivers, or Bays, &c- 23. The 


Feger, 9. F. C. F. J £25. & = WP 


8 
2 0 


1-1-4843: 


Seck. . n U of the Trg G. 143 


23. n „ err rendezvous of all 


— 


A Gull, i 13 an inlet of the land, deeper than a bay, as the 
Gulf of Venice, R in which r 
rents. 


it, 8s the lake Zaire in Africa, and lake 


' Of the names of the Ocean. 

31. The Ocean, accordi 
names; as the Eaſtern or Oriental Ocean, the Weſtern or Occi- 
dental Ocean, the northern, or Septentrional, and the Southern 
or Meridional Ocean. But beſides theſe, it hath other 
lar names to the continent it boundeth, and the nature 
of the ſea. As it lies extended towards the eaſt, it's called the 
Chinean Sea, from the udjacent country of China: towards the 
ſouth it's called Oceanus Indicus, or the Indian-Sea, where it 
waſheth the coaſt of Perſia, it's called Mare Pacificum. 2 in like 
manner Mare Arabicur from Arabia; W 
it's the Ethiopian Sea. 

Then the —— from Atlas, Comments in Afri- 
cn: but near to America, its called by the Spaniards, Mar-del- 
Nort ; and on the other 1 its Mar-del Sur; us 
Mare-Pacificum, 

0 3 toucheth 


apo Bris, i Quan Hiſpunicus; 37 


the Engliſh, the 22 ween England and France, 

its _— the 4 England and. Ireland, 

ri Sw, or — Channeb:: between England 1 
Holland, by ſome the German, but rather the Briti 


northwards af of Scotland, its called Mare — — 4 — 
northerly, it's the 3 or Frozen 8: more eaſterly, . it 
the Tartarean or — 8 &c. 3 for the 


names of the ocean. af 
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WALES Of the names of the ſeas. .- 

32 The Baltic Sea, by the Dutch the Ooſt Zea, "CIC 
tween Denmark, Sweden, and whoſe entrance is 
called the Sound : the Mare Mediterranean, by. the Engliſh the 
Strait ꝝ hy the Spaniards, Mar-de-Levant; the entrance-/where- 
22 the Straits of Gibraltar: then Pontus Euxinus, or 

Black Sea; to which ' joins Meotis Palus, now Mar-del- 
2 then the Caſpian, or Hercanean-Sea : then the Ara- 
| bian Gulf, Mare Rubrum, or the Red-Sea : „ 
2 or Gulf de Elcatiff, &c. =T: 

x _ Of the diviſion of the glabe. . 

3 The globe of the earth (as was ſaid before in Def. 13.) 

| 3227s gat of ek e . ei Da, 13) 

34- Europe is bounded towards the north by the Northern 
Gon 2 ———— — —— 
lying betwixt it and Aſia; on the eaſt with the river Tanais: 
and/on! the weſt'by the: weſtern, or Atlantic Ocead ; whoſe 


Candia, Negropent,. - Cyprus. 
. 4522 is bounded in the north with a denn i Tae 


tanan Ocean; in the.fouth with the Arabian Gulf, or Red- 
— — eaſt with the IANS en Mnwelt with the 


p * | + tis at 
: a #4 i * * 9 
— 
| .. er 


Soubera Ocean, and onthe wel wich the Aclanic Ocean. © 
Defarts of Sarra, | 
Nubia,-..- FA 


The Canary indy | 
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The iſles of Azores, Madera idands, — 
St. Thomas, -Madagaſcar, or St Lawrence. 
Malta, in the Mediterranean. 


37- America, is bounded on the north with the northern Ocean, 
on the eaſt with the Atlantick Ocean, on the ſouth with the 
Magellantick-Sea, and on the weſt with the ſouth ſea, or Mar- 
del Zur, its divided into two parts, viz. Mexicana, and Peruana. 

Mexicana, or North-America hafh theſe provinces, 
New-Spain, Terra Florida, Carolina, Virginia, and 
Maryland, Penſilvania, New-Jerſey, New-York, 
New-England, New-France, Greenland, whether conti- 

| nent or iſland is not yet known. 
I be chief iſlands of Mexicana are, x 
Iſland, or Ice-land, California, New-found-land, Bermudas. 
| Peruana, or South-America, hath theſe provinces ; 
Terra Magellanica, Brazilla Chili- The Amazons, Guianea, 
Peru, Panama, Cathagena, Peraguay, or Rio-de-la-Plata. 
The principal iſlands of Peruana are, 
Hiſpaniola, Cuba, Jamaica, Port-Rico, Barbadoes, and the 
Moluque lends, Javs-Majar, Java the les, and 
„ Java-Major, Java the leſs, many other 
iſlands in the 22 : I 1 | 

Having diſcribed the lines and circles, and the parts belonging 

to the Terreſtrial Globe, the uſes of all take in the following 


Problem i · To find the latitude of any place on the globe. 

The rule. Bring the propoſed place juſt under the Braſs Me- 
ridian, and note what (on the faid meridian) ſtands a- 
gain it, which is the latitude thereof. Or thus, 

th a pair of compaſſes, take the neareſt diſtance from the 
propoſed place (on the globe) to any parallel of latitude, and lay 
it on the graduated or firſt meridian, from the ſaid parallel, the 
fame way the propoſed place lyeth from, it, the other foot 
Example. Let it be required to find the latitude of the Lizard in 
er RAGS: England. "MS oy 

Turn the body of the globe till the Lizard be juſt under the 
braſs-meridian, and At find $o deg- right againſt it, which 
is the latitude of the Lizard. | ; 

Take the neareſt diſtance (on the globe) from the Lizgrd, to 
a parallel ot latitude, apply it to the graduated meridian, and it 
ſheweth the latitude 50 de as before. Or thus, 

Note, All thole circles on the globe, which are parallel to 


the æquator, are called patallels of latitude. 
3 th + | Problem 
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Problem a. To find the longitude of any place on the Globe- 
The rule, 1. T before) the till the propoſed 
place ke jal# tudes the brake pode ein © ed. 
2. Then obſerve what degree of the zquator lieth under the 
braſs meridian, and that's the longitude required. 
Example. I demand the longitude of the Lizard in England? 


- Bring the Lizard under the braſs meridian, and then the braſs 
meridien cutteth the zquator into god. —— longitude required. 


Note, The begun 
i, Ns The gab formerly made in Fogland begun lon of 
the Azores ; which is weſt the meridian of London (ac- 
cording tothe Mariner's Com ſs recti ſied, (25d. 20m. 


And accordingly the Lizard*s lengitude is 5d. 24m. weſt from 
London : this di in the longi — is occaſion- 


ed by the different f longitude by ſeveral authors, 
22 — I 


Problem 3. To find the diſtance of any two places on the globe. 
* The rule, 1. Lay the beginning of the degrees on the quadrant 
of ate, upon one of the pr * 
many degrees on it, are contain A 
is the di required. 
2. — drgpere being mubtighed by 60, the product is 
in minutes. Or thus, 
Take the diſtance between the two places, with a pair of 
then meaſure that diſtance on the zquator, counting 
the degrees intercepted between both feet, and 1t will ſhew the 


diſtance required. 
Note; The diſtance found by this is the ſhorteſt 


diſtance : or their diſtance in the. arch of a great circle, which 
is leſs than their diſtance in the rumb, leading from one to the 
other ; c E- 
quator. 

Example. I demand the diflance between the Lizard and the 
iſland Barbadoes ? 


If you lay the edge of the quadrant of altitude ao, 
and the beginning of the degrees. of it on one of the places, you 
will find on the quadrant of altitude 56 degrees intercepted be- 
tween them, which is the diſtance ; "and being multi hed by 
60, is 3360 miles or minutes. 

Problem 4. To fing the angle of poſition 222 that is, the 
angle the arch of a great circle b two given places 
© makes with the meridian of either of them. — 


a 


one ol 


P 
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The rule, 1. Rectify the body of the globe to the latitude of 
one of the given places. 

„ Bring the fame place under the braſs meridian, and there 
lay the body of the globe. 

3. Screw the quadrant of altitude faſt to the braſs meridian, 
right over the ſaid place. 

4. Then lay the graduated edge of the quadrant of altitude to 
the other place, ned od will cut the horizon in the 


bs —— 3 the braſs meridian, and FP 
the body of the globe, you will find the latitude of the Lizard, 


to be 30 
2. Move the braſs meridian (keeping the body of the globe 
fixed as before higher or lower until 50 degrees on it do cut the 
horizon (on the north fide thereof) then is the globe rectified 
to the latitude of the Lizard : the like you muſt do in rectifying 
the globe for any other place or latitude. 
3. Screw the quadrant of altitude to 50 degrees on the braſs 
— In juſt over the Lizard if the globe be not 


the 
FEES 


TEES 


or you are to 


I; Thar ad nw or et the compaſs, make equal 
angles with all meridians on the globe. 
2. That an equal ſegment, or of the ſaid rumb, chang- 
eth or altereth the latitude ii all places equally. - 
That the rum b-lines, tho? — 3 ſo far, do not 
pale through the poles, but wind about them 2 lole them- 


4 zB ** ate repteſented on the globe by thoſe 
ſpiral lines, that you ſee are 32 in number, meeting in à center, 
where there is a Flower-de-Luce pointing to the north; from 
thence they run winding about the globe, and continue inclining 
towards the pole, — they ſeem confuſed. 

K 2 | PiSblem 


"rv 
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Problem 8. Two places being given ; to find their rumb or courſe 
| of bearing, or ſailing from one to another. 


The rule, 1. Having found the two places on the globe, ſee 
what rumb-line paſſes through both of them, and that is the 
rumb or courſe trom one to another. 

2. If no rumb-line paſſes through both places, then look 
what runneth parallel to both places, and that is the rumb, or 
courſe from one to another. 

Example 1. I demand the courſe from the Lizard to Cape-Cod in 
New-England ? 

On the globe you will find theſe places to lie on the W. by 8. 
and E. by N. rumb-lines, and therefore the courſe from the 
Lizard to Cape-Cod, is W. by S. and conſequently from the laſt 
to the firſt, E. by N. 

Example 2. I demand the courſe from the Lizard to ifland Barba- 
does ? \ 


Here is norumb-line on the globe paſſing thro? them, where- 
fore look for a rumb to which the place hes moſt let, and 
you'll find it S. W. IW. the courſe from the Lizard to I. Barba- 
does; and N.EZE, from I. Barbadoes to the Lizard. 


Problem 6. Cour ſe and diſtance ſailed being given; to find the 

difference of latitude, and difference of longitude. 

The rule 1. Make a ſmall mark on that rumb-line (which is 
the given courſe) in the latitude of the place you ſailed from, 
and bring that mark to the braſs meridian, which cuts the æ- 
quator in its longitude. 

2. Take the diſtance ſailed from the zquator, and lay it on 
the faid rumb, for the foreſaid mark; at the termination there- 
of make another mark. 

3. Then bring the ſecond mark to the brafs meridian, there 
is the latitude of that place; and then the meridian cuts the æ· 
quator in the longitude of it. 

4- Having the latitude and longitude of thoſe two places 
marked in the rumb-line, by ſubtraction you may find their 

difference of latitude and difference of longitude, and it's done. 


Examp. Suppoſe @ ſhip ſails SW. by W. 200 leagues, or 10 de- 
grees from the Lizard: I demand ber diſtance of latitude, and diſ- 
ference of longitude : or what latitude and longitude ſbe is in? 

I- I make a mark on the S. W. by W. rumb, juſt under So 
degrees (the Lizard latitude) and then the meridian cuts the 
æquator in 357 degrees, the longitude of that mark. 

2. Take 10 degrees from the æquator, and lay it on the 8. 
W. by W. rumb, from the firſt mark to a ſecond mark. 
. a 3. Bring 
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3- Bring this ſecond mark to the braſs meridian, and there 
the latitude of it is 44d. 5om. the latitude the ſhip is in, and in 
the æquator the longitude of it is 344d. 15m. and by ſubtraction, 
the difference of latitude is 5d. 20m. and difference of longitude 

uired is 12d. 54m. But here you muſt note, N 

That the diſtance failed entirely taken and laid on the rumb, 
is the diſtance in the arch of a great circle and not really in the 
rumb ; for the diſtance in the great circle is always leſs than the 
diſtance in the rumb ; wherefore the better way will be, to 
take 1. 2. 3. (or ſome fmall number of) degrees of the zquator ; 
and run that diſtance (in the compaſſes) over upon the rumb- 
line, from the firſt mark to the ſecond ; and in ſo doing, the 
diſtance is more truly laid than by taking it at once. | 


Problem VII. Both latitudes and courſe given, to find the diſtance 
and difference of longitude. 

The rule. Turn the body of the globe till the given rumb 
doth cut the braſs meridian in the latitude you depart from, and 
there make a mark on the rumb, and at the ſame time ſee what 
degree of the equator is cut by the meridian ; for that is the 
longitude of this mark. ; 

2. Turn the body of the globe, till the ſame rumb cuts the 
meridian in the latitude of the ſecond place, and there make 
another mark on the rumb ; then fee what degrees of the æ- 
quator is cut by the meridian, which is the longitude of the ſe- 
cond mark; and the leſſer longitude ſubtracted from the greater, 
gives the difference of longitude required. | 

3. The diſtance between the two marks on the rumb - tine 
being meaſured (according to the note in the laſt problem) on 
the æquator, gives the di e of the two places. 


Example. If a ſbip fails S. W. by W. from the Lizard, till 
obſervation ſbe be in latitude 44d. 50m. north; I demand ber diſ- 
tance ſailed, and what longitude ſbe is in? 


1. When you bring the S. W. by W. rumb to cut the meri- 
dian in god, the Lizard's latitude, and make a mark on the 
rumb, there, then the meridian cuts the zquator in 357d. the 
longitude of that mark. 5 

2. Turning the globe till the S. W. by W. rumb cuts the 
meridian in 44d. 5om. the latitude of the ſecond place, and 
making there a mark on the rumb: then the meridian cuts the 
æquator in 344d. 15m. the longitude of the ſecond mark: and 
therefore the Difference of Longitude, is 12d. 45m. weſt ; 
which being ſubtracted from the longitude of the Lizard: 20d. 
com. the remainder is 07d. 15m. the longitude the ſhip is in. 

K 3 3 r 
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3 Take 2 degrees from the æquator, and run over that dif” 
tance in the compaſſes upon the rumb, from the firſt mark to 


the ſecond; and its five times, which is 10d. or 200 leagues, 


the diſtance ſailed on that rumb. 
Prob. 8. Having the Latitude and langitude the 


ſhip is in given , 
ts find the place where the ſbip is in on the glabe. 
The rule. 1. Bring the longitude to the braſs meridian, and 
there ſtay the body of the globe. 

2. Where the given latitude cuts the globe, make a mark on 
the body of the globe, which mark is the place of the ſhip at 
that time. 

_—_— If a ſbip ſails from the Lizard, and after ſome time 
is in latitude 444. Som. and longitude gd. 45m. I demand the plac 
"Bring. gm: 

e 
the 
44d. rom. on the braſs meridian, make a mark 
on "4 the globe, and that is the place of the ſhip at 
that time. 


Section III. The deſcription of the Celeſtial Globe. 
HE Ccaleſtial Globe reprefents that glorious canopy, ſo 
222 2 and beſet with thofe fparkling dia: 
n the duſky cheeks of the night hang as a rich 
— K. as in an Ethiopian? s ear; having upon its convexity artifi- 
cially placed all the ftars, correſpondent to their natural ſitua- 
tion in the concavity of that orb, we call the Starry Heaven. 

2. The appurtenances belonging to this, are the ſame with 
. thoſe belonging to the Terreſtnal Globe ; and being before de 
ſcribed in ſection 1. of this chapter, I refer you to it. 

3. On the body of the globe, beſides the conſtellations of 
the ſtars there are drawn divers circles; as the EquinoQtia}, 
Ecliptic, Colures, Meridians, and Cirgles of longitude; ak 
theſe are called great Circles; the leſſer circles are the Tropics, 
Polar. Circles, and Parallels of declination. . 

4- The Equinoctial in this, is the ſame with the equator in 
the Terreſtrial Globe, and in the ſame manner di vided; and 
nurnbred from the left hand towards the right with 10, 20, 30, 

Kc. to 360 degrees. 
The poles of the equinoctial are alſo called * poles of the 
world, and are repreſented by the two wires on which the 


thy of. the globe turneth. 
. The Ecliptic is a great cirele which croſteth the equinoc 
tial i in two oppoſite points; the beginning of Aries, and Libra; 
* into twelve e * called figns, each con- 
taimag 
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taining 30 degrees, and figured from the left hand towards the 


right, 10, 20, 30; then 10, 20, 30, &c. having the figure, cha- 
rater, and names of of the ſigns, as followeth : 

Libra 2 

Scorpio m 


ſouthern ſigns 


Vi W4 
Thiscirele with its figures and characters, are on both globes ; 
but the cceleſtial hath the image and name of the ſigns which 

the terreſtrial hath not. 

Under this circle the ſun moves in his annual courſe ; but the 
reſt of the have their deviations from it ; for which rea- 
ſon Aſtronomers aſſigned eight on each fide the ecliptic, 
the whole latitude to be 16 degrees, which breadth is 
called the zodiac. 
hope wg bo not __ the globe, only i by 
two to the „ at ei degrees diſtance 
from it on each fide thereof. _ __ 

The Poles of the Ecliptic, are two oppoſite points, each 23d. 
zom. diſtant from its correſpondent Pole of the World; there 
the circles of longitude meet, and near it, is writ Polus Eclip- 
tice. 

6. The Meridians are the ſame as was ſaid in the Terreſtrial 
Globe, only with this difference, on this they are drawn through 


every zoth degree of the 2 on that through every 


7. The Colures, or the two meridians cutting each other at 
right angles in the poles of the world, dividing the equi noctiab, 
and —— — the one paſſing by the begin- 

of Aries and Libra, two equinoctial Signs, A 
uinoctial Colure : and anhs atube ©.;s Gridet inow de- 
— — both ways, 10, 20, 30, 
„ nf, hath theſe words 


near it, 
| The other paſſeth through the g of .Cencar and, Ca- 
called. the Solſtitial Co- 


two Salſtitial Signs, 
through the poles ot the world, and poles 


8. The Horizon, is a ena Ea ns. 
nith, and nadir, cutting all azimuth circles at right-angleg, 
W the world nw awe agpal parts, the upper 
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ſible the lower and inviſible; its repreſented by 
the fide of the wooden frame, on which is a double ka- 
Jendar, of months and days, according to the old and new ſtile, 
with the winds or points of the compafs, and a circle of figns 
and their degrees. 

The zenith and nadir, are two points diametrically oppoſite, 
and they are the poles of the horizon. The zenith is the Ver- 
tical Point, or point over our head, the nadir is directly oppoſite 
thereto. 

9. The Azimuth or Vertical circles, are great circles inter- 
ſecting each other in the zenith and nadir, and cutting the hori- 
aon at right-angles : theſe circles are not drawn on the body of 
the globe, but are repreſented by the quadrant of altitude, 
when its ſcrewed in the zenith. | 

10. Circles of Longitude, are great circles interſecting each 

other in the poles of the ecliptic, and cut it at right- angles: 
_ theſe are repreſented by the quadrant of altitude when it is 
* ecliptic : and on the body of ſome 
„ 12 of theſe circles are drawn, . through the be- 
ginning of the 12 ſigns. 


The deſcription of the 4 circles, 
Leſſer or ſmall Circles, are thoſe which divide the globe inte 
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are fepreſented by the diviſions of the quadrant of altitude in 
its motion round the. body of the globe, when it is ſcrewed 
over the poles of the ecliptic. a 

Having deſcribed the ĩmaginary circles of the Cœleſtial Globe, 
we proceed now to the deſcription of the ſtars, thoſe glorious 
diamonds, ſparkling in the immenſe expanſion of the firma- 
ment, encircling the terreſtrial orb at unmeaſurable diſtance, 
«hich for multitude ſeems innumerable, yet the eſt and 
more viſible may be numbered and named : and for this pur- 
poſe, Aſtronomers (for order and method fake) have reduced 
many ſtars into one or Conſtellation, the better to know 
where to ſeek them; and being found, how to expreſs them. 

14. The number of conſtellations now drawn on the body of 
the Cœleſtial Globe, are 66, and are as followeth. 


The northern conſtellations 23, vis, 


Stars | Stars 
1. Urſa Minor — 9g | 12. Auriga * 
2. Urſa Major — 33 | 13- Sepentarius — 23 
3. Praco — —36 | 14. cps — — 14 
4- Cepheus — 11 | 15, Sagtta — — 5 
5. Bootes — 22 | 16. Aquila — — 9 
6. Corona Borealis — 8 | 17. Antionius — — 17 
- Hercules — — 30 | 18. Delphinus — 
. Lyra — = 1019. Equiniculs— — 5 
9. Olor, aut Cygnus — 20. Pegaſus — — 8 
10. — 2a M Flog 23 | 21. * — 23 
t. Perſeus put 22. Triangulum _ 
* 5 27 | 23. Coma Berenices 7 | 


In all 383 


The zodiacal Conſtellations are 12, viz. 
1. Aries ' — — 16] 7. Libra 


— — 10 
| — —32 8. Scorpio — — 26 
3- Gemini _ 24 | 9. Sagittarius — 
4. Cancer — —16 10. Capricornus — 
5. Leo — _—33 | 1. Aquarius — 
| — —39 | 12, Piſces — 
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17. G — 10 


F- 

2. 18. Piſces Auſtrinus — 11 
3 1%, Gras — — 13 
4. Lepus — _ Pheenix — - — 12 
8. Canis Major — 13 . Indus — — 12 
6. Canis Minor or Canicula2 4 Pavo — 16 
7. Argo Navis — 422 23. be Touchin —1 


8. Ro 


— =— 27 | 25. Chameleem — 10 

— — 826. Triangulum Auſtralis —; 

— — "7 1 $7. Fice — 7 
30 | 28. Derado 


There is added by Sir Charles Scarborough, a conftellation 


called Cor Caroli, being one ſtar in a crowned heart, laying be- 


tween Urſa Major and Coma Berenices: fo that the conſtel- 
lation now pourtrayed on the globe are 66 containipg 1136 ſtars, 
beſides that are unformed, making in all more than 1300 


ſtars, which are diſtinguiſhed into fix of Magnitnde, 
or bigneſs: the biggeſt and bri ate called Stars of the 
Firſt Magmtude ; thoſe next inferior in bignefs and brightneſs 


„ Stars of the Sixth Mag- 
nitude. Theſe ſeveral magnitudes are expreſſed on the globe in 


ſeveral ſhapes, as may be ſeen in a little table placed on the 
globe, intitled Stellarum Magnitudines. 


Section IV. The uſe of the Celeſtial Globe. 


Ed Efore working any problem on this globe, I hold it neceſſa- 
B ty to od ſeveral words of art uſed in Aſtronomy, and 
cOgraphys and are in theſe following Difanitions : 

„Altitude, is an arch of an azimuth circle, contained be- 

the horizon and any parallel of altitude. Its counted on 
ebe quadrant of, altitude, which repreſents any azimuth 
circle on the globe. 

. Aſcenſion, is the riſing of the fun or ſtar, on any part of 
the Equinoctial above the horizon; and Deſcenſion, is the ſet- 
* 3. Right Aſcenſion, is an arch of the equinoctial intercep- 
ted | between the — * Aries, and any meridian, and 


counted 


r Carolinum — 11 | 24. Apis Muſa — 3 
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counted according to the order and ſucceſſion of the z or, 
tis that degree and minute of the Annes. nt = 
fore) which cometh to the meridian with the fun, far, or with 
any point of the Heavens. 
r. eee 
X — with the center of the 
jun, or ſtar, or point of the heavens: and Oblique 
Decenkes is the faning thereof 

3 rr 
and Oblique Aſcenſion, or deſcenſion: or it is the ſpace of 
time the ſun riſeth, or ſetteth, before or after 6 of the clock. 

6. Amplitude, is an arch of the horizon comprehended be- 
tween the true caſt and weſt points of it, and the center of the 
fun or ſtar ; at their rifing or ſetting. 

7. Azimuth, is an arch of the horizon contained between the 
meridian of the place and any other azimuth circle. Or con- 
tained between the Prime Vertical, and any other azimuth 
circle. 

' 8. Declination, is an arch of a meridian, comprehended be- 
tween the equinoctial and the center of the fun, or ſtar, or 
point of the heavens : its north declination” on the north 

of the equinoctial, but ſouth declination when on the ſouth ſide 
thereof. And is counted on the braſs meridian on the globe, 
and on the equinoQial colure. 

9. Hour of the Day er Night, is an arch of the equinoQtal, 
contained between'ths merietn of the „and another meri- 
dian paſſing the center of the un at any time. This is 
counted on the braſs hour circle, which is divided into the 24 
hours of the day, and night; and hath a little braſs index point- 
ing to them as the globe is turned abgut: or or it is counted on the 
equinoctial reckoning, 15d. an hour. 23 
10. Latitude of a Star, is an arch of a circle of longitude con- 
tained between the and the ſtar's center: this is counted 


the ecliptic, for then of altitude when ſcrewed over the pole of 


the ec then it 

11. 1 of a place, 
arch of the meridian of that contained between the equa- 
tor and that place : equal to which is the height of the (of 
the world) above the horizon. This is counted on braſs 
meridian of the globe: or it may be counted on the graduated 
meridian on the body of the globe. 


a circle on 


So that Latitude in the Heavens, and Latitude on the Earth, 


are different things; one being an arch of a circle of 

and applicable to the (except the ſun, who hath no la- 
titude) and ſtars: the other an 3 and appli- 
R ä 12. Lon- 


K 


13 


— 


or Latitude upon the Earth, is an 


——— - — 


com a 
of paſſeth through the center of the ſun, - 
or any point of the heaven, and counted according to the ſuc- 
e the fits 
4 SOT GENE or 6 eg with reſpe& to the eclip- 
tic, is the ſine, and degree, and minute of that ſign the ſun or 
is in. 
1% Longitude of the Sun, or of a Star from the neareſt Equi- 
nodal Point, is how many degrees and minutes the fun or ftar 
is from the beginning of Aries, or Libra; either before or 
ater them ; which can never be more than 180 degrees. 

5. Longitude on the Earth, is an arch of the equator, com- 
praficated berworn the thmidien of any glee. cod hot mmmakn 
where longitude takes its beginning. 

- So that Longirade in the Heavens, and Lon itude on the 
Earth, are vaſtly different, one being an arch pes ecliptic, 
the e 
16. Meridian of a Place, is that meridian which paſſeth over 
the zenith of that place ; to which when the fun cometh, its 
either noon or : at the firſt, he is at his higheſt alti- 
4 dude above the horizon, and at the ind, he is at his loweſt de- 
for that day- 
In like manner, any ſtar coming to the meridian of any place, 
. 
Theſe things being well conſidered, following Problems 
will be the better underſtood. 


Problem 9. The day of the month gia; te find the ſun's place 


De rule, 1. Seek the day ig account 
according to the Julian or Gregorian) as you them placed in 
P 


de ban ai be de ef 
i a ks manaz is place for Februar he n om 
| in Piſces. + 8 


Problem 10 How to ref 
4 make it fit for u 


| the globe for any latitude, and to 
» at any given time. "oo 


g. gg 288 FFT Frier. D 


8 &@ 


in the hour circle. | 

globe reQtified to the given latitude, and the hour 
circle and index to the given time. 

Example. At London the 14th of February; I would bave the 


the north part a 

2. By Problem 9. the fun's place is 6d. 30m. in Piſces; 
which being found in the ecliptic on the globe, bring it to the 
braſs meridian, and there ſtaying the globe turn the little index 
to the upper 12 in the hour circle; and there ſet it fo, that it 
may move with the globe, and it's done. | 


Problem 11. The day of the month given ; to find the ſun's decli- 


© The rule, 1. By Prob. g. find the ſun's place in the ecliptic. 

2. Bring the ſun's place (in the ecliptic on the globe) to the 

braſs meridian, on which and right over the ſun's place is his 
Example. The 14th of February; I defore to know the ſun's 

_ declination ? «Y 

1. The re page tn the ecliptic, for the 14th of F 

(found . 9.) is 6d. 30m. in X. 
rn (in the ecliptic on the globe) to the 

braſs meridian, and then right over it on the braſs meridian is 

9d. rom. which is the ſun's declination, ſouth decreafing. Or 

—_ 1. With 
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1. With a pair of compaſſes take the neareſt diſtance from 
he nern place inthe ecliptic, 6d. 3om. in X. to the equinoQtiab 
on 


2. Meafure that diſtance on the equinoQtial-colure, and it 


ſheweth the declination gd. rom. as before. 


Problem 12. The day of the month given : to the fan's ri 
; .. 


The rule, 1. As before, find the fun's place in the ecliptic, by 


Problem 9g. | 

2. — place las directed in Problem 119 to the 
braſs look 2 of the Equĩnoctial is cut by it, 
and chat is the ſun's R ight Aſcenſion required. 


— * 14/0 oF Frovecry ; 1 demand the fun's right «f- 


The gb of Phra i place i the ecliptic i . 


„ and the the 
L A 


the Globe (by Problem 10, ft for uſe) 


| The rule, 1. Rectiſy 

to the gi om Wong, nel gon . 
2. globe down 
„5 7 Balog NAT. bow 
riſing in the hour circle; and the body of 
rer 
int thereof) ſtandeth i place 
. the fs ee ar hi 


Example. 2 yon at Londuns | demand the time 
of the ſun's rifing a1 and — and bis 
1. The globe bei 


_ 2. Bring 6d. zom. a of the bene 5nd 
Kazing the globe there, 2 — Nn 


F 


— 
4! 
4 


the 
I 
to t 
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am 
war 
Pro 
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after 6 is the ſun's riſing: and againſt 6d. 3om. of X, is 1 
35m. on the horizon (from the eaſt towards the ſouth) 4 
the ſun's amplitude at riſing. | 
In like manner turn the globe till you bring 6d. 3om. of , 
to the W. fide of the horizon, and the index. points to 4 after 5, 
which is the ſun's ſetting; and in the horizon you have his 
amplitude (the ſame as before) 14d- 35m. (from the weſt to- 
wards the ſouth) which is the ſun's amplitude at ſetting. 


Problem 14. The latitude of a place, and the of the month 
given; to find the ſun's oblique 2 and de ſcen ſion. 
The rule, 1. Rectify the globe to the given latitude, and find 
's place in the ecliptic for the given time. 
2. Bring the ſun's place in the ecliptic on the globe, to the 
eaſt-ſide of the horizon, and then ſee what degree of the equi- 
noctial is cut by the horizon, and that is the ſun's oblique aſ- 
cenſion. | 
In like manner bring the ſun's place in the ecliptic to the 
„Lade of the horizon, and it ſheweth his oblique deſcenſion. 


Example. The 14th of February at London : 1 demand the 
js ge een nd ſeen 3 | 

1. ReQtify the globe to the given latitude 51d. 3am. accord 
=" — (the ſun's place for the f 

2. Bring 6d. 3om. of K (t n's 14th of Fe- 
— to the caſt-fide of the horrzon, and then it = the e- 
quinoctial in 326d. 5om. which is the ſun's oblique aſcenſion. 

3. Bring 6d. 30m. of X to the weſt - ſide of the horizon, it 
cuts the equinoctial in 326d. 30m. which is the ſun's oblique 
deſcenſion. | 
Problem 15. The latitude of a place, and day of the month given; 

to find the ſun's altitude, and azimuth at any time of the day. 

The rule, 1. Rectify the globe and hour index, as before in 
Problem 10. 3 1 

2. Screw the quadrant of altitude in the zenith; which I call 
rectifying the quadrant of altitude to the latitude of the place. 

3. Turn the globe till the index point to the given hour of 
the day, and there ſtay the globe. 

4. Move the quadrant of altitude til the graduated edge of it 
— the ſun's place in the ecliptic on the globe, and there 

i. 


5. degree on the quadrant of altitude is againſt 
the ſun's place, and that is the ſun's altitude. 
degree of the horizon 1s cut by the graduated 

t of altitude, counted from the north, or 
that is the ſun's azimuth. f 


Example. 
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At London the 17th of Fune, at 6 of the cloth in the 
forenoon ; rr 

1. The globe being reQified by Prob. 10. turn it about till 
the hour index point to 6 in the morning, and there ſtay the 
body of the globe. 

2. Screw — of altitude on 51d. 32m. (on the braſs 
meridian) which is the zenith, or London's diſtance from the 
equinoQal. 

Note, In ſcrewing the quadrant of altitude on the braſs meri- 
dian, you muſt put the ſide of the notch, on the back- 
ſide thereof ind fs the Bly of cloſe to it, that the thin 

may e as near t globe as bly you can; 
yet fo 2: not t9- onal * 


Alſo ind that you et the flopeT edge of the notch to the la. 
titude of the given 

3- Bring the graduated edge of the Quadrant of Altitude to 6d. 
om. of S, the ſun's place (for June the 17th) in the Ecliptic, 


and then on the Quadrant of Altitude (againſt it) is the 18d. 
zom · his altitude at 6 of the clock. 


4. And the Quadrant of altitude cuts the Horizon, in 104d. 


om. from the ſouth-eaſtward, which is the ſun's azimuth at the 
ſame time. 


Problem 16. The latitude of a place, the day of the month, and 
Sun's altitude given ; to find bis azimuth and of the day. 
The rule, 1. Rectify the Globe, Hour-Index and Quadrant of 


Altitude, as before. 
globe, and move the quadrant of al- 


2. Turn the body of the 
titude, till woo loin the fon ties in the ecliptic to he juſt 
under his altitude on the t ; there ſtay them both. 

3- Then will the graduated edge of the point out 
e and the 
index ſheweth the hour of the day. 

Example. At Barbadoes the 14th of F, , in the forencen, 
77 azimuth and bour of the 


I. "The obe being rectiſied to the latitude of Barbadoes, 
ſo the hour - index to 6d. 3om. of , the ſun's place 
for the 14th of February, ns the eatrage of ee ewe 
in the zenith. 

2. Then move the globe and quadrant of altitude, ll you 
bring zo degrees on the latter wke jul over 6d 30m. of X in 
N them both. 


3. Then doth the — of Altitude — ſt 72d. 


in the horizon, from the ſouth towards the est, the ſun's azi- 
muth, which 1 is almoſt ESE. 4 E. IP 
4. 


ae e. 28. > = 


2 =» 
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4- And then the hour - index ts to 8 hours 2, 
45 I of the clock in the morning > 09.4 ag 


Problem 17. The latitude of a the the month 
azimuth given, to Dene,: the — 


The rule, 1, 5 argon hour-index, and quadrant of 


altitude as before. 
2. Turn On of altitude, to the given azimuth in 
the horizon, there ſtay it. | 


3. Then bring the fun's place in the 
t of altitude fixed) to the 

is alſo eſre ſto bi ren n le and hy the globe there. 

4- And then doth the ecliptic cut the quadrant in the 

altitude, and the index ſhewerh the hour of the da |" — 0 
Barbadees the 14th of Febridavy, the furs 

muth in the a ren A 


Te bis altitude and bour of the 

Anſw. Obſerving the fore Sy is ing 
globe and quadrant of altitude towards the weſt, find 
the dar altirude to be 300. and the hour of the day 1 15m. after 


3322 —d 


Problem 18. The latitude of the place, the R altitude, and 
S 1 WN 


e < (keeping, the 
thereof, (which 


ww 
The rule. 'vL  Refiifie the globe to the latitude, and ſerew the 
of altitude to the zenith). 
2. Turn the 38 quadrant of altitude to 


the given azimuth in the horizon, and there ſtay it. 
3. Turn the. body of the globe, (withiat ffi 


the qua- 


drant out of its place) till the ecliptic cut the quadrant in the 


given altitude: which will then cut 9 


place required? | 


Cooke feats alece 20 he drofs meciiiti, . 
tifie the hour - index to 12. 
5. Turn back the ſun's place to the graduated edge of the 
quadrant (it being in the fame place; that is, at the given azi- 
muth as before) and then the index will ſhew the hour of the 
day required ? 

Note, In turning the globe according to the third 
rule, the given wager in the quadrant will cut the Ecliptic into 
two ſevetal figns, ad yer the bor of. the day fought by the 
fourth ſtep, =. Tow ſo that unleſs the month be given, 
the ſun's place cannor be determined. 

n Example. 


b this 


"%* 
4.s 
4 * 
1 
=_ 
= 
« Y G 
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Example. At London, On 8 8 7 
and bis azimuth S. wh, - 2 
in the ecliptic, and the bour of t 
Jom. in =, and it's 7m. after 
ber at London: alſo the ſun's 


io — — 
Sr“ 
n 

. 1 ing the ſun's 

Ie of th day of he month, » 2 


e bs ninth, and bear of te hy 


> the globe to the given latitude, and the 
zenith 


as before. 

the equinoQial colure to the braſs meridian, and 
42 to the upper 12: which is rectifying it 
lination is given. 

bork globe d quadranz of zue, in the given 


alutude on 4 ven declination in the equi- 
noctial colure on the former, and t ſtay them both. 
4. Then doth the quadrant cut the the kerizen in the ſun's azi- 
_ Alſo at the fame time the braſs meridian cuts 
in ſo many degrees (counting from the c 
„ eee hour of the da 
aſter noon. | 
Example. A! „ 
© bis altitude in the merning- I demand bis azimuth, 
and hour of 7 
An ſwu. and the- hour; gam. aſter G ef the 
clock, or > equinoQtial- is intercepted between the 
coluge ind: beak iveridion : 1 
which time the fun is weſt in the 
In like, manner: any of thy -henkodiag goats be 


wrought, drying theſe following General Directions. 
1. Count the latitude on the braſs meridian. 


2. The declination on the colure from the equinofial, either 
notthward.or ſouthward; according to its name. 


3. The altitude on the quadrant of altitude. 

4 The atiminh in the horizontrom the braſs meridian to 
* And the hour (from degrees the equinoQtal, 
I. noon in on 
nr. 

Then having any three of theſe given, the cher tive 
| ded. as boron ** 


} 4 Ix 4 
* 


Note; 
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Note; All;the A 
globe but the following o the Cerleſtial Globe. : 


problem 3a. To find the declination, and right arent of « fry 


The rule Bing the given far tothe braſs meridian, and there | 
_ Then the center of the ſtar cuts the braſs meridian. in its . 
c 

3. And the braſs meridian cuts the equinoctial in af- 
* cunted from the beginning of v eee by the 


ſuceeſſion ſigns. 

nan of arm. Pc PIT cenſion, 2 
. * *. 8 
* ca Mn rene above lh et eat i 
right. 3 declination near 14 3855 f 


Problem 21. To fd theta ad ng or 


Ne ral. x. Bring the ſolſtitial colures to the braſs meridian, 
3 be juſt under 23d. 
zom. on the faid arid there fix the body of the globe. 
= eV Ge quacragy 7 Ne Jul over the pole of the 
ptic. 
3- Bring the graduated edge of the quadrant to the center of 
the ſtar, and there ſtay it. 
4. Ther the far cuts the quadrant in its lafitude, and the 
t cuts the ecliptic in its longitude. 
Example. I demand the latifide and longitude of Arflurus, & 


of the firſt magnitude in the conſtellation Bootes. 
ay” r north, and its longi 
Err 


and ſo for any other, as in the following table. 
\ 


* 


B 
U » 1 4 4 


Th Up the Coal Che an 


Iicgs 89.55 8 
| & 10. .29] 12.37 8 


Ir 5-17}, $-30 
Ae 22.52 NI 
24 IX 13-00 r.10 — 
4 0 
18 1 TOW. l 5 
| 2 1548 B 
| 


$123.28}22.2r 8 De 7.29 8 
8 2 N 2 13-17 N 


Problem 22. eee. Rh — 
at any time, in any latitude. 

. The rule; 1. the globe and hour - index, as in prob. 10. 
"2. Bring the flar (whole rifing you would know) to the call 
of the Horizan, and then the index will point to the time 
2 mere alſo the degree of the horizon againſt the ſtar, is 
its at rifang. 

3. the ſtar to the braſs meridian, and the index will 
iS ho time of ita culminating (or coming to the meridian) 
alſo the degree of the braſs meridian, contained from the hori- 
zon to the far, is its meridian altitude 

4 Bring the ſtar to the weſt part of the horizon, and then the 
index will ſhew the time of its ſetting : alſo the ſtar on 
1 a foning, which is ever the ſame 
r, 

This is ſo eaſy to perform, and ſo often done in the Problems 
| concerning the ſun, it needs no 
Lg gs To know at any time what flars are above the 


— altitude and 


cither rifag A ae mo. or fling frm it, toward 
The 


«a 2g 2 FF F.. 7 TC ES RO ED TEL FRLFEES. be Eq | 
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The rule. the globe, hour-index, ad quadrant of al- 
ritude, as before in Problem 10. 

2. Turn the globe dll the hour index points to the given time 
of the day or night; and there ſtay the globe. 

3. Then obſerve what itars are even with the eaſt part of the 
horizon, thoſe are then riſing ; and all thoſe that are between 
the horizon and the eaſt-ſide of the meridian, are riſen above 
the horizon, and are riſing towards the meridian. 

4. All theſe fiars near the braſs meridian, are then near the 
22 of that place; and thoſe at the braſs meridian, are 
ae. 

5. If the quadrant of altitude be put to any ſtar, it will ſhew 
its altitude at that ne and place, and in the horizon the qua- 
drant ſhews its azimuth. 

6. All thoſe ſtars on the weſt-fide of the meridian are falling 
from it towards their ſetting , thoſe near the horizon are ſetting, 
and thoſe below the horizon are ſet. 

In a word, let the (by help of a Magnetical Needle, or 
Compaſs, or be fet fo, as the north point of its hori- 
ron may point to the true north in the heavens, and the ſouth 
point to the ſouth ; then imagine your eye placed within the 
globe at its center, and that the globe were tranſparent, or ſup- 
ſmall round hole thro? the center of any ſtar, now your 
ſight paſſing through it, will dire& to the ſtar in the Heavens 
to that on the out · ſide of the globe. 

This being mathematically well conſidered, will make tha 
Uie of the Globes eaſy, and very much conduce ta the know- 
ledge of the ftars, a thing not a little neceſſary in Navigation, 


W ES te Ee TER 


| globe and-q vadrant of altitude till you bring the 
ſar againſt its given altitude in the quadrant, and there ſtay 


3- Then will the index ſhew the hour required; and the 
quadrant will cut the horizon in the ſtar's azimuth. 

Nete, If the ftar you obſerve be on the caſt-fide of the meri- 
dun, then turn the quadrant of altitude on the eaſt · ſide of the 
— _ of the globe: 22898 them the 
weſt-fide. 

, December the 12th the altitude 0 
Ce ns 
the night ? 

L 3 = 
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to the aforeſaid rule, the hour is near zom. 

after 10 at night, and the ſtar's azimuth 78d. Jun! ſouth-eaſt- 
„or eaſt by ſouth neareſt. 

> much for the uſe of the Globes, which is gone far beyond 

. ds e by a conſtant reſolution to be 

And by the way, let me advife thoſe who have not conveni- 


ency for, nor ability to Globes and yet would know 
the ſtars, they may attain haps x. 


ey i projet on the Plagn of the — ſome ay, 
on the Poles of the Ecliptic : ſo that in one hemiſphere ( 
13 one leaf) you have all the conſtellations on the north fide of 
the ecliptic, and in another all the ſouthern. 

The Poles of the Ecliptic is the center of each herniſphere, 
F divided 


the enter (or — } 
On one of thoſe 27 


r aer 


n 
pb. — hemiſpheres any of the former Problems (wrought 
on Celeſtial Globe) may be ſolved. A 
The rule, 1. Stretch our the filk-ſtring (faſtened in the Center 
for that purpoſe) over the Center of the given ſtar, and it ſhew- 
eth or cutteth the ſtar's longitude. in the Ecliptic. 
—_ With « peiy of compatics take-the diſtance from the center 
or the ſtar to the center of the e; lay that diſtance on 
the ſcale of latitude from the center of the hemiſphere, and it 
ne — 9 of the fremd 
of the a magni- 
tude in the ſouthern hemiſphere, 8 
* I demand its latitude and longitude? 
. Laying” the like filk firing over the ys center, it cuts 
A8 gd. dm. the eb 
2. Take the ſtar's diſtance — ele hapiſybere, 
meaſure it on the ſolſtitial colure, from the ſaid center, and it 
reacheth to 52d. 45m. the ſtar's latitude ſouth. 
are drawn in theſe hemiſphere's the equinoRial, tro- 
pics, polar circles, and poles of the world; - all Which are 


delerided by” their names ſer to them; er 


ly 
no 
an 
dr 
0 


e 8 


4s F 
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drawn, and are of uſe in-folving other Problems as 
be ſhewed after the Problems of Aſtionomy. 


— F ſo m * 
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CHAPTER VI | 


Sberic trigonometry, applied in Problems f een 


Efore I treat of Great Circle Sailing, bs not amiſs to diſ- 
courſe ſomething in hy; and for a more diſtin& . 
knowledge thereof, take theſe definitions and pro- 
blems. Theſe definitions are much n 
Chapter 4. of Mercator's Sailing, in page 77. : 


Sefion 1. Geographical definitions. Plate 1. fig. 14. 
HE Earth (on which we dwelt) together with the Water, 
L makes one round body or globe, which is the ſubjeQ of 


, 1. of the Earth, are two imaginary points, direct- 
ly oppoſite upon the furface of it; that in the north, called the 
north pole ; and that in — 4 P 
and J. Plate 5. fig. 1. 
3- The Equator, or line under the tal, is a line 
drawn round the globe, and lieth in. the middle between both 
les, cutting all meridians at right angles; is a great circle 
om which latitude taketh its 3 and in which longitude 
is reckoned, as E A Q. Plate 53. | 
4. Meridians are great circles ; through both 
cutting the equates at right „ as PQL P AI and PMI; 
anſwerable to them, are the North and South Lines drawn i in 
any chart. 
Pe Parallels of latitude, are leſſer circles drawn parallel to 
uator; through every degree and minute of the meridian 
e thee equator find each easaltand Z & It, and are 
ſented in any chart, by the eaſt and weſt lines therein. 
is an arch of a meridian, between any 
the equator, from whence it is counted both ways 


to each pole, where REI Se which is the greateſt 


7. North Latitude, ir on that fide the equator towards' the 
Neu "ale. and Touch Larue tomunde the South Pale. . 
_ 8, Difference of latitude, is an arch of a meridian” and the 
r and meweth how far 


r ee 
9 22 
14 R 


— m_ 


— 


M® 


3 r 
in rt begun) in 360 ces, which is the greateſt longitude : 

ingly to Mr. Wakely in his Mariner's Compaſs rec- 
tified, it's counter from the meridian of London, increaſing on 
2 — 7 8 * 
degrees, at e mcr 

to. . of a Place, is an arch of the Fquator, con- 
tained between the meridian of that place, and the firſt meri- 
dian where longitude taketh its beginning, and counted (by the 
old way) to the eaſtward, of the | firſt meridian, but (by the 
new way) its counted both eaſtward and weſtwarg, from the 
meridian of London: which in this account is the meridian, 
whence longitude taketh its beginning. 

11. Difference of Longitude, 6 con- 
tained between the in never 
exceedeth 180 degrees, 

12. The Diſtance of any two is an arch of a Great 
Circle, paſſing through them; and never exceedeth 180 

13- The MIO, n 


is an c'rcle paſſing over two places 
make wh th mendn of nc B ng is not Be courſe 


when t 
IE e se 5 
kawing Problems, — © n 7 


Section N. 1 
Eaſe 1. e Latitude given ; We 


unger one meridian or bearing 

ad tk rom ee 
in 

in latitude, the difference of lati- 

ce required : 1 there are two varieties. 

Problems 1. Two places both on ye "I 


— 
thr ner, is, baſh in nqrth, or, beth in ſouth 


' The * Sub e latitude A 
. Varie ok 25 r. in ef 1 tay 
Fu 25 the other Gloria] * 8 lan. 


then in ſouth latitude; * 


Note r Wo Places 


me: lad to her 
2. Two pl. 
is 


5. 


7 
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f | is reckoned. on the equator, round which in- 


— 


ere r . ED LE EU 12 


nr > 4 


A de 
: a role 2. in plain 
had in chapter 3. feen 3. general 
hog in page 


and weft 
cor ti places differing in longitude lie eaſt 

8 8 See or elſe in one pa- 
from 


n ee | in 
eee 


4 4 * 
zo W. 


269 
(fequined." . | 
Theſe are ſo ey, ie'snebld ws hho exaiaphes — 


. difring any in Iogitade given; to fd 


290 
2. By problem 2. caſe a. vt Spheric Geo! mak 
23 le EHEN —— —— difference of —— 


by drawing the oblique circle PONl, with the ſecant thereof. 

3. Make PZ equal to 40d. oom. (the complement of the given 
latitude) by prob. 6. caſe t. page 109. of Spheric Geometry. 

4. Through Z draw the parallel cirele Z O 12 2 
caſe 2. in page 111. of Spheric Geometry,) with the tangent of 
40d. com. (the c of the given latitude) to cut the ob- 
hque circle P NI n O: then: © repreſents the Lizard, and 
© Pengwin Ifland, both in one parallel of latitude. 

5. Then through Z and O, deaw a great circle, as is the ob- 
que circle Z OC, and it's done, for ZO on the oblique circle 
is the diſtance r — which is 8 by problem 7. caſe 3. 
in page 109. of 

To ſind their — — 'tis to be noted; 

That in the oblique ſpheric triangle ZPO. Plate 5. fig. 3 
1. The fide Z equal to Po is the comp. of the lat. 40d. oom. 

2. The angle ZPO the difference of longitude 47d. 46m. 

3 The fide Z© the diſtance of the two places; which = 
804. let fall the PB (by drawing an oblique 


cle with the ſecant of 23d. 53m. half the (given) erence of y 


longitude to cut the oblique circle Z & in Bj and it divides the 


oblique | triangle into two rectangle ſ 
ger PBL and PRO reach —— 2nd one — 


given. 
1. The aogle PB equal to BPO, is half che Ane lon- 
gitude, 23d. 5 zm. 
—— ne, is half the difference 
— Goon 725 — 8. ſection 4. 2. 
caſe 4 page 126. of Rectangular Spheric Trigonometry, is thus: 
-© Azradius, is to the ſine of the latitude; ſo is the 
ſine of half the difference of longitude, to the ſine of half their 


diſtance | But _ 6 OD 

As radius S. bypot.. PZ x ane FB — Boleg ZB +'the diſt. 
As S. god. S. 40d. 00 * 53m. ** 15d. o m.. 
Which bein Wade makes the 30d. rom. or 1810 mi- 


nutes, which is the diſtante 
Wr. 


1 


1 
of atitude, 


| Geographical Problems. Chap. VII. 


gect. H. Geographical Problems. 17¹ 
Example. How many miles will make a degree in the latitude of 


As radius - S.c. lat. :: a deg. in the equa. © a deg. r 
As S. god. * 28m. ;: 60 minutes min. 37. 32. parts. 
The miles of * * £quator that make a degree of ongitude 1 in 
the latitude of zam. 
Caſe 3. Two Fon Fering both in latitude and longitude, their 
latitudes and longitudes "s given; to find their diſtance. 
Note, In this 102 are three varieties. | Ja 
Variety 1. blem 6:One place in the equator, other 
2 ads of the poles. 
Example. Suppoſe the Lizard and the entrance of the river 
2 their latitudes and longitudes being as * Ide- 


mand their diflance 7 N 
m. 
e 


Difference of longitude — — — — 


2. 40 
To delineate x Sercogrphically onthe plain ofthe we. 
of the Lizard. Plate 


1. The circle beiag Eriba, and quartered as before, in 
problem 4. make EZ. on the itive circle equal to yo 
EE caſe 1. in page 
109. of Spheric Geometry. 

2. By the ſame „ Caſe 2. lay 42d. 4om. che given dif- 
ference of longitude, on the right circle AZAQ (which is the 
æquator) that is, take the half-tangent 42d. 40m. the contrary 
way, and lay it from EN. 

3. Then through Z and N draw a great circle, as is the ob- 
— circle ZNC, and it's done: for ZN meaſured by problem 


7eale 3 W ot ona te ao 


— . Obſerve, = 
- That] in the le {| c — N. Plate 5. gu figure t. 
1. The leg Z is the latitude of the Lizard, 
2. The lag 099 the difference of longitude <A. 


2 
(chapter ſeQion- 4. problem g. caſe 14. in 140. of Rec- 
Ener eee 
n 
So is the ſine of their difference of longitude ; to 


oe PO NS OE IN But in ort 


„ KC 


Tv - 
d * 


ZN their diſtance required, to find which by 


y — — 


4 * 


—]]— — Og > rt 


* a — — * . — — SA . — i _ by * — 1 


— 
- 7 woo * 


— ˖—— 


, 
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Radius © S. c. leg ZE :: S. c. leg AN · S. c. hypot. ZN the diſt. 
S. god. S. 40d. oom. :: S. 47d. 20m. S. 28d. 1 am. whoſe com- 


1728 


is 61d. 48m. equal to 3708 minutes is the diſtance be- 
tween the Lizard and river | | _ 
| ; founc 

Caſe 3. Variety 2. Problem 7. Two p/aces lying towards one 
. — is both in north latitule, or both in ſouth de _ 
their latitudes and longitudes being given, to find their diflance. * 
Example. I demand the diſtance between the Lizard and ; ks 8 
Barbadoes. iflond io 
| d. m. 1 

Lizard 50 OO 

—— — | 13 00 ASS. 
As S. 
W 
the d 
2 gre 
Caſe 
eq 2d. 30m. given : fra 
ie - q tue 
drawing the ue circle, PMI with Fx 
land 
2. On the primitive circle (by prob. 6. caſe 2. in page 108 of "ip 
Tyherie Geometry) make PZ equel 22 god. com. the comple- Cape 
ment of the Lizard latitude, by having the chord thereof from C. B 


P to Z. 


3. Draw the parallel circle a LI t (by problem g. caſe 2. in Sum 
22 — Ce A 2 Te 
rude tocut of 
Ir 13 

| j draw a great circle, as the . 
circle ZI. and it's done: ror ZL. (meaſured by problem 7. — 
aſe 3. in page 109. of Spheric Geometry) is the diſtance re- four 

= * . . | * - * ſecan 
- ages. 6 rs 24. 6 do, t 

That in the Oblique Spheric Triangle, ZPL. Plate 5. fig. 1. oe 
1. The fide PZ is the comp. of the Lizard, lat. 4od. oom. gents 

2. The ſide PL. the comp. of Barbadoes lat. 77d. oom. three 

3. The angle ZL. their difference of loagit. 52d. 30m. 2. 

4. The ſide ZL their diſtance required. * _ 
- Fond which, (by chapter 5. ſeion 5. problem 9. caſe 8. in 0 
ty I af ic Trigonometry Oblique) the rule is, | 3 

irſt, As us is to the fine complement of the difference of page 


longitede ; fo is che tangent complement of the greater lati- 
tude, to the tangent of a fourth arch. Which 


As S. c. th arch · S. c. reſid. arch :: S. c. fide ZP Sc. ſide ZL. 
wed 1 S 
complement 307d. 23m. or 3393 minutes, which is 


circle. - | | 
Giles. Problem 8. Two places 


Caſe 3. Variety 3. - ene in the nerels Jati- 
tua, the other in the ſouth latitude; their latitudes and longi- 


mad egy abs > by xe 
ample. I demand the diſtance from Cafe Cod in New Eng- 
0B“ 


e 


84d. 
of longitudes, by drawing the oblique ot 
: but the ſecant is ſo large, that it's not cafy to 
rr 
uator 2. in page heric 
4 rere 2 
te contrary way; and ſaying a bow ſcrewed up to the 
ints PM, and I, draw the oblique circle by it. 
On the primitive circle (by problem 6. caſe 1. in 
| to 47d. 30m. the complement of 
circle a PI t g. caſe 2. in 
lat. (or diſt.nce 


Spheric T 4e 
That in g nc triangle 
ö The fide PZ is the «omp. of Cape Cud's lat, 40d. om. 
2. The fide PD the diſtance of Cape Bon Eſperance, from 


| — pads. ve bs SI — AED d908. a5m. 


their ſum of longitudes 48d. 55m. 1. 

| 4 The fide ZD their e required, which 3 thus found, 2.in 
chapter 5. Qion 5. problem g. caſe 8. page Sphe- findi1 

ric Trigonometry Oblique, the 8 | 
Firft,. As redows ju 4p the fan xeplinens, of fhcis Fran of Caſe 
lopgitudes, ſo is the tangent complement of. ane of the given "lon 
latitudes, to the tangent of a fourth arch. Then, gr, 


complement of the ual arch; ſo. is the fine of the lati- 
tude firſt taken, to the ſine complement of the — — 
But in ſhort thus; 
As radius * S. c. ang. DPZ. 2 T. fide PZ. : T. 4th arch. 
As S. god. S. o5d. 03m. :: T. 47d.-;om..: T. 4d. 36m. which 
being ſubttacted from the fide PDD — 124d. 25m. 
The remainder is the reſidual arch — 119d. *. 


Then 
S. c. 4th arch. 8 arch-::S. c. fide PZ - Se. fide ZD. 
$846. 35m. *$. ado + AE . 8. 
Which added to | ; 


The ſum is the fide ZD'their diftance- | 59m. 
minutes is the diſtance- Nan Cops NSD 


Or 6599 474 
Bona Eſperance, nn 2 
— —— Ul 

e HAP. vm 7:60 * 

; Acre GO) . Th 

Of th third part of Navigation, of the divine of I of Ge, 
nometry, applied in Great Circle So In t 

n a5 it's the exacteſt, ſo it's the 14 4 

0 


an and hardly poſſible for ſhip eU wo | 


—— 


S | — Sifling. - 


be of good advantage to keep eonveniently bear 
pee in a parallel (or eaſt and weſt) courſe, 
2. Grezt — 


S n falling by er 0 
E * are but three caſes, viz, (r) 
latitude; and (2:) =) when they G 

e v both in latitude 


2. in III 
* — * 5 | 


i 


Caſe 2. Tivo ales des fg tudes the „ ns 


— nit their diflance in the arch 7 
. circle, and all that"s reguiſi 
This is the ſame with chapter 7. ſection 2. problem 3. and 
169 and 170 of Geography, to find their diſtance. 
parallel, 
„ bur their diſtance in that 
e eee. 
their — in the arch of a great circle,” is found by chapter 
7. ſection 2. 4- in page 170. of Geography. Bur the 
itude at any a Nigned proportion, together with the couple, 
— tende from place to place, e n 
At 269 423; mor: - 
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This problem & 4/dlineated by the direBiens in Problem 4 
of Geography, in page 170. And obſerve that, phat in 
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Geography, in page 170.) 15d. orm. 
Jod. 10m. 2 


r BP. the of the bati- 
which the arch (ef the great circle) doth paſs ; and that 
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r complement of bal the ate 


8 * the tangent complement of the given latitude, to the 


tangent complement ofthe arch red fre in ſhort thus; 
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As radius - S. c. angle B PA:: T. hypot. P A+ T. c. leg. BP- 
As S. god. + 8. 66d. Om :: T. 40d. om. : T. 37d. zom- 

P — god. com. 


Rendalndkr 1 is the arch's 


latitude ——— 52d. zom- 
Secondly, To find the latitude by which the arch of the great 
circle paſſes at eyery 5 degrees of longitude from A, draw me- 
ridians from P, as Pd, Pe, Pf, Sc. which . moſt eaſily be 
done Gnomonically, being then right lines, that is thus ; 


The Gnomonic projetion. Plate g. figure 3. 


1. Make the angle APC equal to 47d. 46m. the difference of 
tongitude between the two given places. 

2. Make PA, and PC, each equal to the tangent of 4od. 

oom. the complement of the given latitude. | 

3. 1 line AC, which repreſents the arch of a great 
circle between them. 

4. Let fall the perpendicular PB, which being meaſured on 
the ſcale of tangents, is 37d. 3om- the complement of the arch's 
greateſt [atitude. 

Then draw lines foot P, each 5 degrees diſtance from A, 
— Þa, Pe, Pf, Pg, Ph, Pi, Pk, Pl, and Pm ; which are meridians, 

and each 5 degrees of longitude from A, the Lizard. 

6. Meaſure Pd, Pe, Pf, &e. on the feale of tangents, and it 
ſheweth the complements of the latitudes of the arch, at the reſ- 
pectide places d, e, f, &c. 

Theſe are found (by Spheric * — after this manner. 
The ſeveral pricked hues Pd, Pe, &c. are ſo many hy potenuſes, 
to as many rectangular ſpheric trangles, which have one com- 
mon leg BP, the complement of the arch's greateſt latitude. 
Now in each of theſe rectangular ſpheric triangles, there is 
given a leg, and its adjacent angle, to find the tenuſe; that 
is, in the triangle dBP, there is given the leg BP, and angle - 
Pd; to find the h uſe Pd, and ſo in all the reſt. 

Aud the angles BPd, BPe, & c. are found by a conti- 
nual ſubtraction of 5; degrees from the angle BPA 23d. 5 zm. 
half the difference of longitude, till the remainder be lefs than 
5 degrees, which being taken out of 5 degrees, and to this laſt 
remainder add 5 degrees ſucceſſively till the ſum exceed not 23d. 
53m. bat is; 


M From 
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Subtract the ang. APd 5. 


As radius S. c. BPD, BPE, &. :: T. c. leg 


i d. 
From the angle BPA 23. 53 


BPd18- 5 = 
| . BPet 3 5 gu 
_— BPfob- 53 um is the angle < fp, 
BPgog. 5 BPm 21-07 


Which ſubtract from os. a Theſe angles are called 
Is the angle BFH = 51. 07|Verticat _—_— or Angles at the 


Then find (by chapter 5- ſection 4- problem 3- caſe g. of 
Rectangu T 


Spheric Trigonometry lar, in pages 127, and 128.) the 

CT EE Ee ene CE ns, __ 

As radius, is to the ſine complement of the vertical angles ; tical as 
So 1s the tangent of the arch's greateſt latitude, to the tan- 


gent of the arch's latitude at the reſpective 2 Or, 
P T. c. Pd, Pe, æc 


As S. god - S. 71d.07m. :: T. 52d. 30m. T. od. 48m. lat. at d 


76 07 — — 51.40 

81 07 — — $2.10 

86 07 — — $226|T|g 

83 53 — — $230,5jh 

8353 — — 32.9 

3433 — — $159], |& 

39. — 9; 18 
—T— TS. 


So that by the Gunter, the extent from the fine of go de- 
grees, to the ſme of 71d. om. will reach from the tangent of 
52d. 3om. to tangent sad. 58m. And the extent from fine god. 
to ſine 76d. 07m. will reach from tangent 52d. 3om. to tangent 
$1d. 4im. Alſo from fine god. to fine $1d. om. reacheth 
1 tangent 52d. 30m. to tangent 52d. 10m. and fo on for the 
reſt. a 

But by logarithms it may be thus contracted; becauſe the 
firſt and third terms in each proportion are the ſame, and radius | 
being the firſt, it follows, . | W 
That to the tangent of the arch's greateſt latitude, add the 
{ne complement of each vertical angle, and from their ſum | 
2bate radius, the remainder is the tangent of the arch's latitude ks 
at each place required: As for example. 


Arch 


Chap. VIII. Great Circle-Sailing. 
| d. m. 3 
Arch greateſt lat. 3 ad. 30 tan. 10. i 13019 
[51.07 fine 9971974 d. m. 
23 tang. 50.58 d 
76.07 ſine 9.987124 
10.1021 
. | $1.07 fine 9.994759 


x 109778 tang. 32. 10 
| 86.07 ſine 9.999003 | 
1011421 tang. 52.26 
88.83 fine 9.999997 
Comp. vers!  10.114935 tang. 52.30 
ticalangle. | $3.53 fine 9.997520 _ | 
| , 10-112539 tang. 5 2.29 
78.53 fine 9.991714 
| 10.106793 tang. 51.59 


73.53 ſine 9282387 
| — tang. $143| 1 


| 68.55 fine ag69877 | M 


k 10.084830, tang, 50.344 


"Thirdly, to find the courſe, and diſtance of the aforeſaid 
places, having now the latitude, and longitude of them; this 
is done by chapter 4. ſettion 3. problem 2. of Mercator's ſail- 
ing, in page 86: _ - , — ö 
As for example, To find the courſe and diſtance from A to d. 

There is given the latitude of. A 5od. oom. north, and of d 
5od. 58m. north, with their difference of longitude 5d. or 300 
minutes weft. — 5 

There meridional difference of latitude (by the table of me- 
tidional parts, in pages 120, and 124.) is 91 minutes: there- 


fore; | 
For the Eourſes, the proportion is 


As merid: diff. tat. diff. long. :: radius T. of the courſe. 
As 91 minutes -. 300 min. :: T. 45d. + T. 73d. 07m. N. 
Weſterly from A tod is the firſt courſe. 
For the diſtances, the proportion is; 

As S. c. courſe - diff. lat. :: raidus - diſtance. 
As S. 16d. 5 zm. 38 min. ; S. god. 200 min from A to d. 

After the ſame manner find the courſes and diſtances from d 
to e, from e to f, c. as follows. 

M 2 Fo For 
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| For the courſes, the proportions are; 
As 69 min. 300 min. :: T. 44d. T. 77.02 NW. from d. toe 
26 — —— — 8 from t to 9 
6 — — — $8.46 NW. from g to h. 
14 — — — 87.1 SW. from to 1 
37 — — — 830 from i to k 
57 FAR a — 79.14 from k to | 
78 — — = frem to m 
As 53 min. 166 min.:: T. 45d. T. Jad. 18m- SW. from m to 
For the diſtances, the "I 
S 12d. 8m. 43 min- :: 192 min. from e 
* ; * — from e to f 
885 to g. 
* to h 
2 to 1 
— to k 
2 to | 
—— to m 
— to C 
orderly 
TT 7 r Difference ; 
iT ) * 
4 a | 
| Min. d. m ; 
A | .0013474] | 5 or 300 3-07 | 200 
14 50.583 566 92 | 5 or 300] 43 N 77.02 W] 192 
© [51.43 3635 69 | $5 or 300 29 — > .. a6 
t [52-10 3682 47 | 5 or 300 16 N 85.02 185 
is 52.263708 26 5 or 300 04 N 88.46 WI 186 
* 52.303214 6 | or zoo] og. 187 
ji Sa., [3700] 14 | 5 or 300 
＋ 81.5905 37 | 5 or 300 
T 1.23 [3600] 57 5 or 300! 
m 9.340828 78 
| Cl5o.och 3475] 53 | 


Hir * 


Place this next after Page 180. 
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" But in regard moſt of the courſes in the table are fo near the 
weſt, you may fail WNW. 927 min. until you are in the lati- 
tude of 56d: Om. north; and then MSW. 927 min. farther, 
you will arrive at the port deſired. 2 
By this means you alter the latitude 6d which is conſiderable, 
in reſpect of the benefit of obſervation ; beſides the diſtance 
(this way) is but 56 minutes more than that of a great circle, 
and not above 24 minutes more than the parallel or weſt diſtance; 
which is evident, if you compare Chap. 4. ſection 3. problem 
10. of Mercator's Sailing, in page 39, with this, | 


Caſe 3. Tua places differing both in latitude, and longitude ; their 
latitudes, and longitudes being giuen; to find their diflance in 
the arch of a great circle, and all that js required in Great Ur- 
cle-Sailing. 

Note, When two places differ both in latitude and longitude, 
they lie neither in one parallel nor under one meridian, of which 
here are three kinds, viz. (t.) one place under the equator, and 
the other in north, or ſouth latitude. (2.) Both places in 
north, or both in ſouth latitude : and (3.) One place in north 
latitude, and the other place in ſouth latitude. _ I 

Theſe three kinds of places differing both in latitude and lon- 
gitude; how to find their diſtance in the arch of a great circle, 
hath been ſhewed in chapter 9. ſection 2. caſe 3. problems 6, 
7 and 8, of Geography, in pages r71, 172, 173, and 174. But 
to find the angles of poſition, and what elſe is requiſite in Great 
Circle-Sailing, is the work of the three following problems. 


Caſe 3. The firſt kind, One place under the equator ; the other 
in north or ſouth latitude : as for example. 


Problem 2. Suppoſe the Lizard and the entrance of the river Ama- 
zones ; I demand the angles of poſotion ! the great circles _—_ 
between them ? The latitude of the arch at every 10 degrees 
difference of longitude ? with the courſe and diflance of each of 
them, according ts Mercator ? | | 

The latitude, and longitude of theſe places, ſuppoſed to be 


23 follows: 


1 d. m. 3 
rd—— . 50. 00 - 3x C 5. 240 
Amaz. = lattude $- 0 Fongitude F 5 1 W. 
And their difference of longitude — 44 40 W. 
This problem is delineated by the directions in problem 6 of 
Geography in page 172. And here note; That, 
In the ReQan gle Spheric TR ZEN. Plate 7. fig. 1. 

| 3 | 1. 


1 
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1. Z * the Lizard - 

2. N the entrance of Amazon river. 

3. ZA the latitude of the Lizard, od. oom. 

4. The leg ZN their difference of longitude 42d. 40rn. 

5, ZN the angle of poſition at the Lizard. 

6. ANZ the complement of the angle of poſition at Ama- 
2ones, in the equator. 


2 The hy potenuſe ZN the great circle's diſtance between 


Fe or the angles ENZ, or AZN 0 chapter 5- ſection 4. pro- 
blem 5. caſe 13 and 14. of Spheric Trigonometry | Rectangular, 
in pages 128 and 129, the ions are theſe: 

As radius is to the fine of the latitude; ſo is the tangent 
complement of the difference of longitude to the tangent com- 


xa, the angle of poſition at the place having latitude : 
t is, 
As radius 8. leg Z:: T. e. leg RN T. c. angle N. 
As S. god. S. god. com. :: es 0 T. 39d- 44m. © 
Which lubtract from —yod. oom. 


Refs the angl of polio a th ln 50d. 16m. 

again, © 

As radips, is to the fine of the difference of longitude ; ſo is 
the tangent complement of the Lizard latitude, og the tangent 
of the angle or poſition at the place in the z that is, 
As radius S. leg EN :: T. c. leg. RZ T. e. angle ENZ. 

As S. god. 42d. 40m. :: T. 30d. oom. T. agd. 38m. the an- 
gle of poſition at Amazons, which ſub. from god- com- 


- 


— a r 9 


| Angle ANZ—god. 22m. 
For the hypotenuſe Z N the great circle's diſtance between 
them, that's found by chapter 7. ſeQion 2. caſe 3. problem 6. 
of Geography, (in pages 170, and 171 ) to be 61d. 48m. or 
3798 minutes. 
To find the latitude by which the arch ſhall paſs, at at every 10 
difference of longitude, from Z repreſenting the Lizard, 
— the following Stereographic projeBion on the plane i 
— Plate 6. figure 1. * 
I 


2 the primitive circle, on the center P, which re- 
— A world, it qraw the right circle 
— enting the meridian of the Land and from the hall 
22 the complement of its latitude from P to Z. 
On the primitive circle lay 42d. 40m the difference of 
e, W Wet from 
dog. and ſo on 40 i. K 3 Thro! 


x ok, * 8 


»va% P22 


9 mm, 2 


b» > 2.9. 


III. 


ſo is 


As 8. god. S. 32d. 4am. : T. 60d. 22m. * 42 105 5 
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3- Thro? E repreſenting the Lizard, and N the entrance of 
Amazones river, draw a great circle, as ZN. 

4. Draw the right circles Pf, Pg, Ph, and Pi; which are me- 
ridians, and cut the arch ZN in a, b, e, and d: the reſpective 
places whoſe latitudes are required. 

5. Meafure af, bg, ch, and di, on the ſcale of half-tangents 
(the contrary way) and it ſheweth the hi of the arch at 
thoſe places; and to find E 


By ſpheric trigonametry. 

The ſeveral right cire of, bg, c. are ſo many perpendi- 
culars to as ſeveral rectangle ſpheric triangles which have 
one common angle ANZ, the complement of the angle * 
poſition at that place, which is in the equator. 

Now in each of theſe rectangle ſpheric triangles, there is given 
leg, and it's adjacent angle, to find the other leg, which is 
the leg o . to the given angle; that is, in the triangle af N, 
there 1 the leg iN, and angle aNf; to find the leg af, 
the reſt of the triangles. 

the ſeveral legs Nf, Ng, Ke. are found by a comtinyal 
jon of 10 degrees from the difference of longitude, till 
the remainder be lefs than 10 Thy antes 07 

ches, and is thus 


vertical ar 


cal ds | 
So is the tangent complement of the angle 'of poſition (at the 


Ce to the tangent of the arch's latitude. Or 
As radius · S, NF. Ng, &c. :: T. angle af. T. leg af, bg, &c- 


As radius, to the ſine of the ver 


— — 3407 
— — 21 05 E 
2 — 4 4! d 


| I hayecalculated the latitude of the arch for every 10 degrees 

difference of longitude, but by the ſame method the practitioger 

may do jt for each 5 degrees, „ 
4 
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The courſe-and diſtance from eacli of theſe places are found 
(by chapter 4. ſection 3. problem . of Mercator's Sailing, in 
Err 87, and 88.) in like manner, as in the third ſtep ol 0 ile 

problem, and is as followeth. ' 
For the courſes the proportion is, 

As mer. diff. lat. diff long. :: radius:: E of the courſe required. 
As 5750 min. -- 600 min. :: T. 454. T. 46d sm. S. W. from Z to a 


725 — — 390d. 37m- a to b 
384 — — 34d. 1om- & Ss Wo, b to c 
©1014 — —30d. 28m - c to d 
As 281 min. :: 160 min-. T. 45d. T. 29d. 39m" _—_— d to N. 


2. For the diſtances, the proportion is 
As S S — * lat. - e - diſtance pus. 


Z to a 
* god. 23m- 2 - — J3 a to b 
35d. 5om. 782 va 945 35 from d to c 
0 
d 


Cale 3 The ſecond kind; Both places in north, or is ſouth Lat 


tude, as for example. 
Problem f: Suppoſe the Lizard and iſland Barbadves ; 1 demand 
be angles of poſition ? The Great” Circlt”'s diflance between 
| them? The latitude of the arch at every to degrees difference 
of longitude ? 22 nan, cn; atrutacert, them, 


yoweng iy ppercoter # 


8 &« * 


77 


bl, 


* 
92 


7 


—_—_ 


wy, 7. 
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The latitude and n theſe places ſuppoſed as fol- 
lows : 


m. d. m. 


Lizard. un, 550.00 5.24 W 
e Barbadoes. J it 555 __ 


And their difference of Jongitude is $2-40 W 


This problem is delineated Stereographically by the directions 
in problem 7. of Geography, in pages 171 and 172. 
In the Oblique Spheric Triangle PZL plate 6. fig. 2. 
1. Z. repreſents the Lizard in latitude 50 degrees north. 
2. L the iſland of Barbadoes, in latitude 13 degrees north. 
3. The fide PZ the complement of the latitude of the Lizard 
40 degrees. 
4- The fide PL the complement of the latitude of Barbadoes, 
77 * —_ 
5. The angle ZPL their difference of longitude 52 degrees 


40m. 
. 6. PZL ; C the Lizard. 
7, b the angle of poſition at 3 fand — 


8. The fide ZL the great circle's'diſtance between them. 
For the angle PZL and K (by chapter 5. ſection 5. pro- 
blem . caſe 7. of Spheric Trigonometry, Oblique, in pages 
134 and 135.) the proportions are theſe ; 
As the fine of half the ſum of the complements of both lati- 
tudes, is to the fine of half their difference; 
So is the tangent complement of half their difference of lon- 
gitude, to the tangent of half their difference of the angle of 
poſition. Again, 
As the ſine complement of half the ſum of the complements 
of both latitudes, is to the fine complement of half their diffe- 


rence ; ; "© 
So is the tangent complement of half their difference of lon- 


itude, to tangent of half the ſum of the angles of poſition. 
Bur order thus. 


As S. ſum ſider · S- their diff :: T. c. 4Z PL T. I diff. of angles 
As S. 584. zom. S. 18d. zom :: 0 63d. 40m. T. 37d. oam. 


AsSc: 3 ſum ſides · 8. 3 their diff.: Te ZP Ming 


As 8. 31d. 30m. . . 71d. 30m. :; T. 63d. 40m. T. 7 8m, 
To which the » diff. above being added — "== g 


The ſum is the angle of poſition at L — 111d. L om. 
Aud ſubtraQed is the angle of poſition at I. — * 
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For the fide ZL. the diſtance, it's found (by chapter 7. ſec- 
tion 2- caſe 3. problem 7. of Geography, in pages 172 and 173) 
to be 56d. 23m- or 3383 minutes, Which is their diſtance in the 
arch of a great ci 

To find the latitude by which the arch ſhall paſs, at every 10 
deg- difference of longitude, from Z repreſenting the Lizard, 
deſcribe the problem gnomonically, and then all the parts of it 
will be right lines, which is thus done. 

The problem gnomonically delineated. 

1. Make the angle LPZ equal to 52d. 40m. the difference of 

de- 
Make the fide PZ equal to the tangent of 40 degrees, the 
— of Lizard's latitude. 

3- And PL equal to the tangent of 77 degrees the comple- 
ment of Barbadoes latitude. 

4 Draw the line LZ, which is the great circle's diſtance 
bel them, and continue it beyond Z. 

g. From P let fall the perpendicular P B, to cut LZ in B; 
which being meaſured on the ſcale of tangents, is * 38m. the 
complement of the arch's greateſt latitude. 

6. Then draw lines from P, each 10 degrees diſtant from Z; 
as Pa, Pc, Pd, Pe, and Pf, which are meridians, each 10 deg, 
of longitude from the Lizard, and from each other. 

J. Meaſure Pa, Pc, &c. on the ſcale oftangents, and it ſhew- 
eth the complements of the latitudes of the arch, at the — 
tive places, a, c, d, &c. 

Theſe are found by calculation after this manner: 

Firſt. In the r triangle PB Z; there is 

leg BP. 
siven the L gie PB 68d. 10m. ; 22 — — 

2 chapter 5. ſection 4. problem 2. caſes 4 and 6 of 

hs i, he gular, in pages 126 and l 

I. For 4 leg B the complement of the arches greateſt 

latitude it's thus ; 


As the radius is to the ſine complement of the greateſt given 


latitude ; 

Sols the ſine of the angle of poſition (at that place) to the ſine 
complement of the arch's greateſt latitude. That i 

As radius S. hypot. PZ :: S. angle PZB = S. leg PB. 

As S. god. S. N : S. 68d. 10m. S. 3 
being ſubtracted from 


Reſt the arch's greateſt latitude — 536. 22m. 
2. For the vertical angle PBZ, it's thus; | 
As radius, is to the fine of the greateſt given latitude z 


AA 


- y. tw 


ow WF yg 
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So is the tangent of the angle of poſition (at that ) to 
the tangent of the complement of the vertical angle : that is, 
As radius · Sc. hyp- PZ :: T. angle PZB Ic. angle BPZ. 
As S. god. 8. gu oom. :: T. 68d. 10m. T. Gad. 23m. which 
being ſubt . com. 


from 
Reſts the vertical angle BPZ. 
Secondly, to find the ſeveral latitudes of the arch at a, c, d, 


—__ 


274. 37m. 


&c. you may conſider, that the ſeveral pricked lines Pa, Pc. &c. 
are ſo many hypotenuſes, to as many ſeveral Rectangle Spheric 
Triangles, which have one common leg PB, the complement 
of the arch's greateſt Jatitude. 

t angle, 


In each of them, there is given a leg, and its adj 
to find the hypotenuſe ; that is, in the triangle P there is 
given the leg PB, and angle BPa; to find the hypotenuſe, Pa; 
and ſo in all the reſt. | | 

And the ſeveral vertical angles BPa, BPc, BPd, &c. are 
by a continual addition of 10 to the angle BPZ, 23d. 
37m. till the ſum exceed not 80d. 17m. the difference of longi- 
tude given, added to the foreſaid 27d. 37m. That is; 
% | d. m. 
To the angle BPZ 27.37 

Add the angle ZPa 10:00 

— A&_ 
BPc 47-37 


of the arch at a, c, d, e, and f, 
are found by chapter 5. ſection 


Sur is the ang. 4 BPd 57.37 4. —.— 3. caſe 9. of Sphe- 
: 1 BPe 67.37 ric Frigonometry ReQangular, 
BPf 77.37 lin pages 126 and 127, the pro- 


portion being the fame as before, in caſe 2. problem 1. of this 
chapter, in pages 175, 188, and is as followeth. 


As radius, is to the fine complement of the vertical angles, 
ſo is the tangent of the arch's greateſt latitude, to the tangent 
of the arch's latitude required. Or thus; 


As radius SCc. BPa, BPC, &c. :: Te. leg BP + Te. Pa, Pc, &c 
As'S. god. S. 52d. 23m. :: T. 5 3d. aam. T. 46.49 , 


2 
42d.23m- — 42.11 c 
_ 32d. 23m. — 35.46 lat. of < d 
22d. 23m. — 27.07 e 
12d. a zm. 16.05 f 


Which latitudes place in the table following, 


{ 


_— 


TT ATTN] 


191 191 [92.490r160 3.05 
The whole Diſtance 


| Thirdly, The courſe and diſtance in the two laſt columns of 

this table, are found by chapter 4- prey Ma 4— 2 of Mer- 

cator”s Sailing, in pages 87 and 88, in the ſame manner as in the 

two laſt problems in this chapter ; thus, F 
1. For the courſes, the is, 

As mer. diff, lat. diff. long. :: radius . 

As 287 min- + 600 min- :: T. 45d. + T.64d, 22m.SW from ⁊ to a 


16.05] 998 | 713]10 or 602 _ 


— 
|þ 


391 — — — 568d. 55m. ⁊ to c 
495 _ 2" _ * S W.] c to d 
710 2 — _ from) *t2© 
713 — — e to f 
As 191 ak. - oaks: T. 459.-"T.38d'o8m. ) - fto L 


2. For the diſtances the proportion is, 
As Se- courſe .. diff. lat. ::/radius .. diſtance required. 
As S. 25d. zam. - 191 min- :: 8. god, - At min. from Z to 3 
33d. ogm- + 278 — a to 
30. 31m. = 385 =. 
45d. 28m- = 519 — 
40d. 55m. + 662 _ 
51d. eee, 
Thus is this third ſufficiently 
Caſe 3. The thi ; One place in north latitude, 
| 25 75 ſouth latitude, > os for Ang. Bens RE 
Problem 4. Suppe lg and 
22112 of Coe Gol * the 2 
4 fy Eo ro RE 
difference 2 longitude ? 2 diftance from them accor- 
ng P | 


The | 


' 


ſuppoſed to be as 


Chap. VIIL 


The latitude and longitude of theſe places 


follows ; 1 


Ip wg D. M. + 
Cape | 42 10 N. 0 67 45 W. 
Cove Bona Ee. XY E 25 $.{ longir 122 2 
Their ſum of longitudes — — 455 
In the oblique ſpheric triangles PZ, plate 7. fig. 1. 
repreſents cape Cod in the latitude 42d. tom. north. 


1 Z 

2. D repreſents cape Bon. Eſper. in latitude 34d · 25m. ſouth 
F © ok the complement of the latitude of C. Cod, 
4 


8. 

For the angles PZD, and PDZ, (by chapter 5. ſection 5-pro- 

blem 9- caſe 7. in pages 133 and 134, the proportiens are theſe ; 
d. m. 


| | d. m- 

Side PD 124 25 The angle DP. 84 55 

Side PZ 47 30 1 vhs 9 
—— d. m. The half of it is 


The ſum 172 15the; ſum 86.07 | Which ſubt. from 
The diff. 76 35 the: diff. 38. 17 | Its complement 47 53 
As S. £fum ſides . S. I their diff. :: T. c. 4 ZPD.. T. + diff. ang. req. 
As S. 86d. 07m. 8. 38d. 17m. : T. 47d. 33m. = 34d. FOm. 
As S. 03d. 33m. S. 51d. 43m. — T. 859: 29m. 
Added, giveth the greater angle PZD — 119. 39m- 
Subtracted, is the leſſer angle PZD — be 1d. 19m” 
The diftance ZD is found (by chapter 7. ſection 2. caſe 3 


problem 8. of Geography) in page 174. to be 108d. 59m. or 
6539 minutes. * 


To find the latitudes by which the arch ſhall paſs, at each 10 
degrees difference of longitude from Z, repreſenting cape Cod; 
deſcribe the problem Stereographically on the plane of the equa- 
tor, and then all the meridians will be right circles 

To delineate the problem flereographically, plate 6. fig. 3. 

1- Deſcribe the primitive circle and make the angle 5 PZ 
equal to 84d. 5 5m. the ſum of longitudes by chapter 5. ſection 
x. problem 2. cafe 2. (in page 104) of Spheric Geometry, by 
drawing two right circles- 

2. Make the fide PZ equal to the half-tangent of 474. 5om- the 
complement of the latitude of cape Cod. 3- And 


190 Great Circle Sailing. Chap. VIII. 
3- And PD equal to the half-tangent of 124d. 25m. (the lati- 

tude of cape Bon Eſperance added to god.) by chap- 5. ſeQtion 1. 

prob. 6. caſe 2. of Spheric Geometry, in pages 108 and 109g. 

4- Then by chapter 5. ſection 1. problem 4. of Spheric Geo- 
metry (in pages 105 and 106) through Z and D draw a great 
circle. 

From P (by problem 5. of Spheric Geometry, in page 106. 
let Fall the perpendicular Þ B, tocut ZDin B; witch being 
meaſured on the ſcale of half-tangents, is 40d. om. the com- 

t of the arch's greateſt latitude. 

6. Then draw lines from P, each 10d. diſtant from Z; as 
Pa, Pc, Pd, Pe, &c. which are meridians each 1od-of longitade 
from one another, and from the meridian of cape Cod. 

7. Meafure Pa, Pc, &c. on the ſcale of half-tangents, and it 
ſheweth the complement of the latitude's of the arch at the reſ- 


pective places @, Cs, d, &c- 


Theſe are found by calculation after this manner, which is in 


all reſpects like the work of the laſt 
Firſt. In the rectangle ſpheric triangle PBZ. 
1. For the leg BP, the complement of the arch's greateſt la- 
titude it's thus ; BY 
As radius S. hypot- PZ :: S. angle PZB * S. leg PB. 
As S. god- © S. 47d. 50m. :: S. 61d. aim. 8 god. om. 


Reſts the arch's greateſt latitude — 49d. 54m. 
2. For the vertical angle PZB it's thus; 
As radius · Sc. hypot. PZ :: T. angle PZB.. Te- angle PBZ. 
As S. god. + S. 42d. 1om- :: T-61d. 21m. -. T. 49d- 13m. 


Reſt the vertical angle BBZ ——— 40d. 18m. 
Secondly, For the ſeveral latitudes at a, c, d, &c. add 10d. to 
the angle PBZ (in continuation) eight times, which produceth 
the ſeveral vertical angles, BPa, BPc, BPd, &c. 
d. m.] Theſe vertical angles being 
To the angle BPZ — 40-18 | thus found, the ſeveral latitudes 
Add the angle ZPA — 10.00 | of the arch, at a, c, d, e, f, g, 
| 5 50.18 | h, and 1, are found by cha 
| BPe 60.18 | 5. ſeftion 4. — 2 
| BPd 70-18 | of Spheric trigonometry Rec- 
ene 80-18 | tangular ; the proportions be- 


BPf 90.18 | ing the ſame as before in caſe 
BPg100.18 | 2- problem 1. of this chapter, 


: BPh110-18 | in pages 178 and 179, as fol- 
Wye 
Ay 


— - 


(BPi 120-18 1 l 


— 


33 


a: rr 


Chap. VIE. 


As the radius, to the fine complement of the vertical angle; 
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So is the tangent of the arch's greateſt latitude, to the tangent 


of the arch's latitude 


required. Or thus, 


As radius Sc. BPa, BPc, &c.:: Tc. leg Bp - Tc Pa, Pc, Pd, &c. 


Thirdly, For the courſes, and diſtances, 


are found 
or's in pages 


chapter 4. ſection 3. problem 2. of Mercat 


d. m. 
As S. god. 8 39d. 42m. :: T. 490 $4m -T. 2 4 
29d. 30.26 
19d. 42m. — 21-49 
ogd. 42m. — 119 
ood. 18m. — 00.21 
tod. 18m. — 11.59 
20d. 18m. — 22.23 
Jod. 18m. — 30.56 } 


For the courſes, the proportion is, 


30 apnzany] 


Mer. diff, lat. *- diff. long.: radius + T. courſe 

As 389 min - 7.447 57d. ozm· S E. from Z to a 
485 51d. o3m. ] a to c 
578 — — 46d. om. c to d 
660 — — 5 4 | . 
704 _ — 40d. asm. | eto 
702 — — 40d. 31 m. from 4 frog 
655 — — 44d zem. | grok 
574 — — 46d. 16m. h to i 

As 346 min. agg min.:: T. 45d. 5m. itoD 


As Sc. courſe · diff. lat- :: radius · 


2. For the diſtances, the proportion is 
* diſtance required. 
As S. 32d.'57m. -* 299 m.: a 550 min. from 2 to a 


38d- 57m. © 403 
43d. 56m. 519 
47d. 44m. 630 
49d- 34m. 700 
49d. 29m. 698 
47d. zom- *- 624 
43d. 44m 513 
75d. tome 209 


941 


oO 
— 
* 
— yn neem e ed 


| 


* 


a do C 
c to d 
d to e 
e to f 
frog 

toh 

toi 
itoD 


Which 
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Which place orderly as in the table following, and it's finiſhed. 
| , Dip. | 


4. 


. Difference of} Difference of bs | 
Longitude, } Latitude. | | 


d. m. 


of. 


Io or 600 
— — 


10 or 600 
10 or 600 8.3907 $19, 


oj 10 or 600 ſ(0.340r630 8 42.16 K 
10 or 600[11.400r 200 8 40.26 E 
3110 or 600 11.38 or 698 $ 40.31 E 


10 or 600| 0.24 or 624 S 42.39E 
10 or 600 8.33 or 513 8 46.16 K 


249 4 55 or 2951 3-290r 209 8 49.50 Ef 324 
| | The whole Gitance 1—05 41 | 


Sl 1 510] 1 9] 61 01% | Q 


3 — 


Note; The arch of a great circle may be deſeribed on a Mer- 
cator's chart, and thereby much of the calculative work may be 
ſpared ; for having the ſeveral latitudes of the arch at every 5 
or 10 degrees difference of longitude, (by chapter 4. ſection 1. 
problem 1 and 2. of the uſe of Mercator's chart, in pages 79 
and 80, thoſe places may be pricked down in the chart, and 
22 
t 


that any problem being thus drawn, in a Mercator's chart, 
nearer the ſhip- ſails to it, the nearer bo 6 oe ts he 
makes her way good, and conſequently the ſhorter her paſſage, 
the only thing great circle ſailing is for, of which I have 


Thus it finiſhed the Third Part of Navigation, or the Third 
kind of Sailing, and now we paſs on to Aſtronomy. 
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en ar IX. Abe eee 
tronomical Problems, N in the art of navigation. 


Jat a Sphere or Globe i is, and the circles generally drawn 

on it, hath been taught (chapter 6. ſections 2 and 3.) in 
the deſcription of both ES: but how theſe are drawn on a 
plane, and form divers triangles, from whence multitudes of 


uſeful and pleaſant problems may be framed, i i our preſent l 


Section I. Aſtranomic ai . ; 


* Circles drawn upon the ſphere” $ ſurface, are either 
great or leſſer circles. 

I. The great circles, and their poles deſcribed. 

Great circles, are thoſe which divide the lobe, or ſphere in- 
totwo equal parts, and are principally theſe fix; the 9 1 
ecliptic, meridian; horizon, azimuth, and circle. ot longitude. 

1, The EquinoQial is a great circle which lies in the middle, 
between the .two poles of the world, and conſequentiʒ each pole 
is 90 d& diſtant from it, cutting all meridians at right angles, 
and gixides the world into the northern and ſouthern hemif- 
pheres, as the right circle AAQ. Plate 7. fig- t and 2. | 

The poles 2 the world are two fixed points in the heavens, 
diametrically oppoſite to each other, the one in the Northern 

. Hemihere, called A artic or north pole, the other in the 
om 8 the (antartic . ſouth pole as P and I. 
late 7. f 
| The A 0 oy ak is an imaginary * drawn from po 
| to pole „about which the diurnal motion (as ſuppoſed) from Faſt 
to welt is performed ; as PAL. 

2 "The e Ecliptic (is a great circle) croſſing the equinoctial in 
| (iv 8 points,) the beginning of Aries and Libra, mak - 
# ing an angle (called its obliquity) of 236. zom. as the right cir- 

cle, by S Ay plate 7. fig. 1. 
This Circle is rden into 12 equal parts called figns, each 


contai whole NAMED; and characters follow. 
* Libra = 


ww 


19 * d 
Gemini It | TP 
Cancer S ——_ 


| \The-Wodiacks ie 3 Lone or girdle, having Fight degrees of 
latitude on £ack fide che —— * the 2 


#taT . 1 
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make their revolutions, being divided and diſtinguiſhed by the 
twelve ſigns. | | 

The Poles of the ecliptic, are two oppoſite points 23d. 3om. 
diſtant from the poles of the world ; as K and L. 

The Meridians (are great circles) paſſing through both 
of the world, and croſſeth the equinoQtial at right angles, 
as PEI, and PMI, &c. Plate 7. fig. 1 and 2. ; 

The Colures are two meridians dividing the equinoctial and 
ecliptic into four equal parts; one of theſe paſſeth by the equi- 
noctial points, Aries and Libra, * is called the equinoctial 
colure, as PAI. Plate 7. fig. 1 2. 

The other paſſeth by the beginning of Cancer and Capricorn, 
and is called the Solſtitial Colure; as PS AI w Q. Plate 7. 
fig. 1- | 

"he Sun's Meridian, is that meridian which paſſeth over the 
ſun's center. 

A ſtar's meridian, is that meridian which paſſeth through the 
middle of that ſtar. 

4. The Horizon is a great circle of go degrees diſtant from 
the zenith and nadir, cutting all azimuths, at right angles, and 
dividing the world into two equal parts, the upper and viſible 
hemiſ „and the lower and inviſible hemiſphere. This cir- 
cle is repreſented by the right circle Sa B. Plate 7. fig. 2. 

The Zenith and nadir are two points diametrically oppoſite, 
and are the poles of the horizon: the zenith is the vertical point, 
or point right over our heads as Z: the nadir is diredly oppo- 
fite thereto, as N. Plate 7. fig. 2. 

S8. The Azimuth, or Vertical circles, (are great circles) con- 
curring and interſecting each other in the zenith and nadir, and 
croſs the horizon at right angles, as ZNC, and ZAN, &c. 

The Prime Vertical, is that azimuth circle, which paſſeth 

through the eaſt and weſt points of the horizon, as the right 

circle TAN. 

The Meridian of a Place, is that meridian which paſſeth 
through the poles of the world, as the zenith and nadir of the 
ſaid place, as ZPBNISAEZ. Plate 7. fig. 2. | 

.6. Ciroles of longitude, (are great circles) interſecting each 
other in the poles of the ecliptic, as KAL, and KUL, plate 7. 


1. 
* IL. The leſſer circles defined. 


Leſſer or ſmall circles, are thoſe which divide the ſphere into 
two equal parts, and are drawn parallel to ſome great circle, 
and therefore are called parallel circles; and are of three kinds, 
vix. Parallels - of Declination, Parallels of Latitude, and Paral- 
+ Jels of Altitude. | 

1. Paral- 


TS - =» FF © FY 


6 0. 


Signs. 


\ 
* 


Sect. L  Aftranomical Problems. 1 

1. Parallels of Declination, (are ſmall circles) parallel to the 
equinoctial, imagined to paſs through every degree and minute 
of the meridian, between the equinoctial and each pole of the 
world, as Sf g, and whi. Plate 7. fig. 1 and 2. 

The Tropicks are two parallels of Sock nation 2 230 zom. dif- 
tant from the equinoQial, limiting the ſun's greateſt declination. 

The north Tropic, paſſeth by the beginning of cancer, and is 
called the Tropic of Cancer, as Sf g. Plate 7. fig. 1 and 2. 

The South Tropic, paſſeth by the beginning of Capricorn, 
ie as Þ h i. Plate 7. fig 
1 and 2. 

The 2 circles, are two parallels of declination 66d. 3om. 
22 the equinoctial, and 23d. 30m. from each pole of 
the 

That which is adjacent to the north pole is called the Artie 
Circle; as K n ©; and the other the Antartic Circte; asL pr. 
Plate 7. fig. 1 i and 2, 

2. Parallels of latitude are (ſmall circles) parallel to the oY. 


nic, imagined to paſs through every degree and minute of 


colures, between the ecliptic and poles thereof, as w x y. 
3- Almicanters, or parallels of altitude, are ſmall circles pa- 
2 to the horizon, imagined to paſs through every degree and 
minute of the meridian, between the horizon and the zenith 
as alt. Plate 7. fig 2. 

The ſe definitions compared with chap. 6. ſect. 4. (of the uſe 
of the cœleſtial globe, in pages 155 and 156.) and well conſider- 
ed, will make way for the 3 following problems. 


Sec. II. Spheric trigonometry reflanguler, applied in aſtronomical 


„ uſeful in navigation. 

* D becauſe the ſun's. place in the ecliptic, is the ground 
of the ſucceeding problems, you have here (out of Mr. 

Tho. Street's Memorial Verſes on the eccleſiaſtical and civil ca- 

lendar) a general rule; which for common uſes may ſerve, and 

is as follows. | . 


1. To know the day of the month the ſun entereth any of the Twelve 


The rule, Twice 9, twice 10, 4 twelves, 11; 
Then 10, then 9, then 8 or 7. 
That is, counting March the firſt month, the fun enters 
March 9 K July 12 7 November 11 
N April 9 w Auguſt 12 w December 10 
x May 10 - September 12 x January 8 
S June 10 m Otober * ebruary | ok op 
| 2. 49 


* 
& 2 


2 Aftronomical Problems. Chap. IX. 
* 2. To find the degree of the fun's Auen day. 

th kT 2 day of 4. . (if you can) fub- 

tra the day of his entrance into the Sign of that — the re- 
ider is the degree of the ſun's place in that ſign. Or elſe, 

"When you can't fubtract, add 30'to the day given, and from 

"fum ſubtract the day of che ent rage into the Sign of that 

month, the remainder ſhall be the degree of his place in the 

preceeding the month gen: 

ample 1. March '20th, defire to know the ſun's place ? 

rom March the2oth, the day given, ſubtract the fun's en- 


. Merch g. , 

, The remainder 11 is the degree of the fun's place in 

© Example 2. May the gth, [ defire to know * 
* To the 72 given X the 4th. 

| 0-14 EY I. , = 95 vl 


89 ET 9 hh. . 0 
« 4 9 * 1. 11 — ge * , 127 


— , 
— — 


Dum js — — ,— 34 from which 
SubtraRt the ſun's entr. into 1 May 1 
Remainder is the ſun's place 8 —24 degrees. 
Problem 1. The ſun's place in the ecliptic, and his dechna- 
_ tion given; to find his right aſcenſion, and preſent declination. 
* * Defmtion 1. Aſcenſion, is the rifing ot the ſun, ſtar or any 
22 8 of the equinoctial above the horizon; and deſcention is the 
* RES "RE h of h inoctial, 
f en is an the equĩinoctial, in 
. the beginning of * and any meridian, Sync. 
ccording to tha order or ſuccefſhon of the ſigns; or it's that 
degree and minute of the equinoctial (counted as before) which 
cometh to the meridian with the fun, ſtar or with oy part of 
the ecliptic; as AM. Plate 9. fig- Tr. 
3. Dec lination, is an arch of a nieridhen contained between 
the ſan, of ſtar's center, and the equinoctial, as MC. 
4. The ſun's greateſt declination is an arch of the ſolſtitial 
colure, counted between the equinoctial and the ecliptie, and is 
Jom. as E S, and Q. plate 7. fig. 1. 
2 04 The fun in Taurus, 24d. 1 15m. I demand as right 
aſcenſion and uriges. 
In the rectangle ſpkeric triangle AMC. Plate 7- fig: t. 
1 AMC-the right angle. 
7 AN the Jun's lopgitude from the next 222 point. 
is agh ght aſcenſion from the fame poin 
the. ſun's greateſt declination to 248. Zom. 
© bis p Elem declination. | 
The Thetfan in *, N T, 15, =z X, the neareſt Aui- 
nodal point & * bexianivg; of Y ; but when the ſun is in S, 
K, m, =, m or &, the neareſt equinoctial point is = 80 


t 
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80 that i this problem the ſup being in N. 244--35m-he i is 
54d. 15m- from the neareſt equinoQial point N. - 9 

To: project this problem Steveggraphically on the plain of the 
ſolſtitial colure. 1 
I. Deſeribe the peimmtive — whih n,chaed of 6o degrees, 
and quarter it, with two right circles, ZZAQ (the equinoVal) 
and PAl (the equinoctial colure) placing A at the center of ** 


primitive” circle, which now is the ſolſtitial colure. 5 
2. Make (by problem 2. caſe 1. 5 Geometry in 

104) the angle TA S, equal to 23d. 30m. (th up's 
greateſt declination) by laying the chord. of it, from A to Do 
and drawing the right circle S A the ecliptic. 

. The ecliptic is divided into the 12 ſigns, each being zod from 
the ele of half tangents by prolilem i. caſe 2. of _—_ WIS 
metty in pages 108 and 1009. ON 

4. On the ecliptic make AG equal to 54. — 1 the 6 
on half tangents by the fame problem 6. eaſe a3. 

** Then (by 1 J problem g. cae 3 of Sr 
Gemar ve AAN * the -oblique circle POMIL, 10 to cut 2 
in M, and it's done. 10 rottt 

For in the - ene n AMC, the legs N. 
and MC are the two things required, and may be meaſured. hy 
—— * _ k. problem 7. caſes. 2 and 3 of Spheric 

al. 

500 by — Trigonometry, having the hypotenuſe and 
one Ä given, the proportions are 2s 

1. To find the ſun's right aſcenſion, by td 5. 8 
problem 2. caſe g. of Spheric * * ity 
pages 104 and 105, it's — 8 

As the radius 1 is to the fine complement ol the ſun's cate 
declination z * as 7% | 

So is the tangent to the hn vlongade — the neareſt Nui 
noctial pont, to the of his * aſcen ſiun ſrom che 
fai& point. Or thus ; 4 


As radius ** Sc. angle MAC : r. read x. leg AM. 

As S. god. S. 66d. 3om. :: T. 54d. 8 51d. 52m. 
Note; This proportion finds the os. 3 

when he is in the firſt quarter of the 22 that is, in Y, 
„ or, If : but when the ſun is in the ond quarter S K, 

or m, it muſf be ſuberacted from 180d. and. when he is in 24 

or dat 2 e 


105 Abrenonical Problems. chip. IX. 
As the radius is: to the fine of the ſutt's longitude from the 


inoctial 

; 1 A greateſt declination, to the ſine of the 
— - . . MAC - S. leg CM. 

radius hypot. A angle MA 
S. god. - 8. 5 4d. 15m. :: 8. 2 3d. 3om. + S. 18d. 51m. 
"Note; The fun being in any n „T, S, 
g., or ., his declination is vorth; but when in any of the ſoutb- 
ern figns , m, 7, , , or X, his declination is ſouth. * 

In this rectangle ſpheric triangle A M C (plate 7. figure 1.) 

be reſolved. 


may the two vext ſucceeding prodiums bs 


Problem 2. 7. Sux's i Aſcenſion to bi 
the ecli —ͤ—ͤ— 2 


The Sun's Rig Aſcenſion 128d. gm. where is bis 

oy D n 

Here is one leg and its adjacent angle given: to wit, the leg 
AM g1d. aim. the right aſcenſion (fubtraQted from 180d. and 
ingle' MAC 23d. zom. the ſun's g —— — which 
triangle is made by problem 13. of Spheric Tri Geo- 
. page 112. and its ſolution is by chapter 5g; ion 4. 
3. Caſes 7, 8, and 9g. of Spheric Trigonometry Rectan- 
Tir, i ge 197 amd 148 thus; 
322 place in the ecliptic it's thus; 
T. AM - radius :: 8. c. angle MAC T. c. hipot - AC or 

5 Sc. angle MAC::T.c. leg AM--T.c-hipot. AC rge- 
0 K god.” S r - 
Which ſubrradt from: — — — god- . * 

Reſteth the fun's longitude — $46. 14M. ing 
of Er, 16 that his place is 3d. q6m- in g. | 

2. For his preſent declination, it's thus ; 

As T. & angle MAC - radius &. leg AM + T. leg MC. or 
As radius S. leg AM: T. MAC - T. leg. MC- 
S. god. S- 51d. 51m. : 8 * T. r 
declination north dectenfing. 


Problem The Sui! Declindition ts find bis Place in the 
* N 


brate The Sun's Declination 16d... 39m- ſouth increaſing - 1 
Nele. Kg Balg fg 
reis a leg and its oppoſite angle given; that is. the angle 
—_ p= greateſt declination, and the leg MC 

6d. 39ni- his preſent declination, which triangle is made by pro- 
5 


— 


F 


_ JI F ier ze 


e I FLO i. FRE ILE 


= 


Sect. II. Alronamica Problems. 199 
reren 12. of » 
rical Trigonometry Ri in pages 128 and 119, 
L. To find his place in the de. it's thus; 
As S. angle MAC = radius :: S. leg. MC -S. hipot. AC. 
As S. 23d- 3zom. & god. 2 S. 16d. 30m. S. 48d. 56m. the 
ſun's longitude beyond , becauſe his declination is ſouth in- 
, creaſing ; fo that the ſun's place ĩs 15d. 56m. in m. 
C 2. For his Right Aſcenfion it's thus ; 
Radius T. c. angle MAC:: T. leg MC :: S. leg AM. 
T. 48d. 1 464. 3gm- 8. 43d. 27m- 
4 to which 180d. oom. 


_ The ſam is the Sun's right aſcenſion 223d-27m- from v. 
Problem 4. The latitude of a place, . 


to find his tude and aſcenſional difference. 
NS the earth, 


t. Lati of a place, or 
e » contained between the 
zenith (of that place) and the equinoctial, as Z; equal there- 


unto is the height of the pole above thGhorizon, as BP. plate 7. 


hy Amplitude, i is an arch of the horizon, contained between 
the ecliptic and the equinoctial, and ſheweth how far the ſun, 
or any ſtar riſeth, or ſetterh from the eaſt or weſt points of the 
horizon ; as AR, plate 7 fig. 2. 

3 Aſcenſional Difference. is the difference between the right 
aſcenſion, and the oblique aſcenſion, or deſcenſion: or it's an 
arch of the equinoQial contained between the hour circle of ſix 
o'clock, and that meridian which paſſeth by the Sun or Star's 
center, or any point of the ecliptic, in their rifing, or in their 
ing. 


4 Oblique 4 — 1 j 1 


ed between o. and that part of the equinoBtial 
that Leneth] with the center of the Sun or Star, or with any 


point, „ or des s 
Fr Be pres lique Sphere. 


Latitude 81 amplitude, 
Sun's dec. eser wu differ. - 
In the reftan e 7. fig. 2. 
— — 
2. be 
3. PR the compliment of the Sun's declination. 
4. BR the complement of the Sun's amplitude. 
BR the complementof the Sun's aſcenſional difference. 
o project — . 
4 1. 


TT” TT NN 


200 Aftronomical Problems. © Chap! IX, 
r. The primitive circle being deſcribed and quartered as (for- 
merly) with two right circles SAB the horizon, and - the 

ime vertical; with A at its center- Plate 7. fig. 2: 

2. On the Primitive Circle lay the latitude N 3255 from 
B to P, and from Z to , (by problem 6. caſe 1. of Sphetic 
Geometry,” in page 116.) and draw the two right circles PAl 
for the axis of the world; and hour- circle of fix, and AAQthe 
equinoCtial. 

Then (by problem g. caſe 2. «| Spttetic Geometry, i in 
8 ) draw 2 © if Rg parallet to AQ at 23d. 11 the rn 
declination) from it, to cut the horizon SAB in R, the place 
of the Sun's riſing and fetting. | 
4. Through P, N. L, draw an oblique circle and it's done : 

For ut the r ſpheric triangle PBR. the leg BR, and 

angle BPR are thè two things required, and may he mealured by 
| problent 7 and 9. of Spherie EOS} pages, 107 109, and 
110. 

"But by — having the betete PR 66d. zom. 
and Eg EE 514d. 32m. given, the proportions by chap. g ſcction 
4. problem 1. caſes 1 and 3. of Spheric Trigonometry Rectangu- 
Jar in Pages 125 and 126. is thus: 


1. To find the, Sun's Appl tude, the proportion is, 

As the fine” complement of the latitude, is to the radius, 
r Sun's declination, to the fine of his am- 
| thus 
AS c lg Bp: radius :: S + hyp. ÞR - S. c. leg · BR. 
As » 8. god. : 8. 240. Jom. = S. 30d. 3am. 
Nate, The amplitude and declination are ever of « one fame; 
that i 15, I _ _ * 
2. To find the aſcenſion difference, ro n; 

As the tudkih, 36 t6 (h# taingear of the Jativa * 

So is the tan nt of the Sun's declination » the fine of the 
Sun's aſcenſiona difference. Or thus; 
29 T. leg BP. T. y PR -S. c- angle BPR. 


3 1d. 321. : T. 2 8. 33d. 11m th 
bed afcrefony Giese : SPST AI the 


Problem The latitude of a place, and the ſun's declination given 
1 to find” the MAL aſcenſion or 2 . 

The rute 1. Find the right aſcenſion by problem 3. anc the aſ- 

cenſional difference by prin 4 Then, 

2. When the latitude and declination are both north, or both 

ſouth, the aſcenfional difference added to, and fubtractot from 

the ſan's right aſcenſion, the firſt is the oblique deſcenſion, the 

latter this oblique aſcenſion. * © 


3- When the latitude and declinwtjori is one no#th, and the 
other fouth, add, and fubtra& as befbres rKe firſt is the 6blique 
— and the latter is the oblique deſcenfion. 
| Note, Whew you eantiot ſubtract, add” 380 degrees to the 
h hr aetifion," and (hen ſobrrad, ally) when pen have added, 
| 4 5 ſum exceed 360 degrees, fubrraQt 360 degrees therefrom, 
f the remainder is the thing required. 

Example. Latit. 516 32m. nth ——— 
fun's declin. 156, 0m. fout 65 decreaſing 
| Oblique 222 and Defeenſotn = 


N 1. For his right aſcenſion it's thus; 
As radius + T. c. angle MAC :: T. leg MC. S. leg. AM req. 
As T. 45d. T. 66d. 36m. : :T. 156. 40m. - S. 40d. o4m. 
W ich ſubtraQtei from - oom. 


* 
Remi 18 the ſun” SN t aſcenſion | —319 56 from V. . 


2. For his Aſcen 1onal Dif ference, it's thus; 
As N latitude :: T. 1 f S. © Ly dif. 
As 45d... T. am. u T. 15 7 2044 
Right NO ar ire found _ 10 $6 from . 
Added is the oblique deſcenſion 340 37 
Subtracted is the odlique aſcenfion — — 299 15 


Problem 6. The latitude and the furs declination given ; to find the 


un' riſing and ſetting ; and the length of the day or night. 
The rule 1. Find the ſun's afcenſional difference by problem 
4- in pages — and 201, which reduced into time, by allowing 


as hereun 
15d. com- - 1-—hour—- 7 
d. oom · for 4 o-04 minutes of eme; 
od. 15m- 0:01 minute 


2- The ſun's 1 * difference renee; { 
ne added to, and ſubtracted from fix hours, the one 
is Sun Riſing, and the other is his Setting. 

Nate, When the latitude, and Jeclnation are both north or 
both fouth ; the ſun riſes before, or ſets after fix. But if one 
be notth, = the other ſouth ; he then riſes after, and ſets be- 
fore fix of the clock: 


3- Double the time of the ſun ſetting. ves the length of the 


* alſo double the time of ſun riſing gives the length of 


the night. 

Example. In Latitude 51d. 32m- North, and the ſun's Decli- 
nation North, the Sun's Aſcenfional Difference, by 
Problem 4. is 33d. 11m- equal in time to 2 bours 13 minutes, 


* wert is as follows. 42 


as n 4 4 », 


m 
e 
. - 20 — . 1 "IS * * 
Ria card x AU 
M m—2— — — 


J given, what is bis 


being reduced into Rours - 


© Tg 


* — 4 26 4 ” | | 
A 


* 31 
„ —̊ᷣ„ä:à 


„33 


Te BF © 


x 
1 
x 
7 

8 
A 


d. m- 13 | 

A 11 2 1 - h. 

388 length of 8 16 

Subtract, is Sun Riſing 3 47 And length of the night . 

In the ſame rectangle ſpheric triangle PBR (plate 7. fig. 2. 

may the five next following problems be ved ; which : 
for the learner's exerciſe. 


Problem 7. Latitude of a place, i WON aſcenfional diffe- 
rence given; to find his declination and amplitude. 


latitude —41d. 47m. ſouth. 
Example. The ſun ſetteth at 7d. 
Here is a leg and its adjacent angle 3 that is, the leg BP 
41d. 47m. the latitude, and the BPR Ah. 3om. or 67d. 
zom the com 2 Ea whack 
range i made b prob. 12. E 
* r hapter on 4. 
» 3. cas Tand © (Spheric Trignnemery Ils. 
in pages 127 and 128, is thus 
1. For the ſun's declination, it's thus; 
rr T. c. latitude T. © decl. req. 
As S. god. © 22d. 3om. :: T. x: - 236: 11m. N. 
| . 
As T. © aſc. diff. AC EE Wa Or 
AsS: latitude - radius :: T. © aſc. diff. T. © amplit. 


As 8. 41d. 47m. 8. god. :: T. 22d. zom. T. 31d. 52m. 


Problem 8. Latitude and ſun's amplitude given; to find his de- 
it ee 


N. of hed ike ams 
ä 70d. 49m. the Snake 
amplitude ; which triangle is made by problem 14. of Spheric 
Trigonometry Geometrical, in page 117. and its 
chapter 5. ſeQtion 4. problem 5. caſes 13 and 4 
Trigonometry Rectangular in pages 128 and 129, in this manner. 

1. For the for's declination, thus ; 
As radius - Sc. latitude :: S. O amplit. S: © declinat- req 
As S. god. S. 53d. 43m- 22 8. 19d. Im. S. 15d. am. ſouth. 
2. Far his aſcenſional difference, it's thus; 
As T. c. © am. radius :: S. latitude · T. © aſc. diff. Or 
A S. lat.:: T. © amplit. — T. © aſc. diff. 
2 8.36 17: T. 19d. 11m. T. 1 cr ok. gan. 


- 


> 58 © JIE VE © FW 


nuſe, and one 
Tri 


gonometry in pages 
Note ʒ The late my be cer north or oth, 22 
blem. 


Problem 10. Sun's DNN 
to find the latitude, and his amplitude. 


1 declination——23d. zom. ſouth. 
Rete b the 2 for which ſee 
11. of „in page 109 


and 110, —.— 2. caſes 4 and 5. of 
. 127. For 
its ſolution. 


Problem 11. Sun's and aſcenſional difference given; 
to find the latitude and his declination. 


lem 4. caſes to and 12. of 
» in pages 129 and 129. For 


Problem 12. The latitude of a place, and the ſun's declination 
n and exiniuth at the hour of fx. 


Definition 1. And is ap arch of an imb ciecte cortajn- | 
-3-3"1 ara any parallel of altitude ; as b f. 

te 7 

2. Arimuth, is an arch of the horizon, contained between 
the meriian of the place, und any azimyth circle. Or con- 
r 


| > by en | 


. — . =» — | of l . 
baer nien Dal SF ee 


Ad 

b & Fthe 
. Af 
b 
A 


ojec it = on the plain of the 5 

" 2 deſcribed the primitive cigele. quartered it, drawn 
the axis + world PAL, the equinoctial EQ, and the paral- 
lel of declination S © I fR g; as before directed in problem 
4. of this chapter, iu pages 199 and 200. 

2. 1 here the — 'of declinatiom cutteth the 
axis PAI) draw: an oblique circle perpendicular to the horizon 
SAB (by problem 5. caſe 3. of Spheric. Geomatty, it! pages 106 
. And. 
which torm the 


meaſured by problem 7. 
in ges 109 and 110. 


it by Spherie Trigonometry, having the hypotenuſe and one 
angle given, thut is A f, 23d. 30m. the ſun's declination, and b 


Af Sid. zam. the latitude; de kes b f dg ungen, and 
leg A b his azimuth at fax of the clock; and found by chapter 5. 
2 n 5- of Spberie D 
in pages 1 rr 
* e the propprtion. is ; 

the ws, 
the ſun's declination, fo the fine 


of the ſun's altitude, at the 
our BOT: Or thus ; 
82 @bAf :: > 


* Es 8. . Zam. fi 8 80 . 1 


e, ama the euer 15 


ue. 


is to the ſine of the latitude 3; ſo. is the fine of | 


0 


„ Fw... 


As T. 45d. — T. gad. 40m. : T. gd. g- . S. 14d. gm. W. 


M — 2s 


P W. Dee fun's altitude at the hour of Gx 
Sirene . f tas 


* The fs 
Here is ons leg 


. 


b f 9d. om. the 
the latityde ;z- 1 ch triangle is made — 13.8 
7 —— in — > x z and for its — 


lee chapter ES e 12. in- u a5 


a N tion, the 

i For + declination, the proportion is; | 
As S. Aude e at 6. S. O a 5 
As S. 38d. 20m. S. god. :: S. gd- So. S 4 7d- im- ſouth. 


2. For the ſun's azimuth at 6, the proportion Is; 
As radius + Fe- latitude :: T. O alt. at 6. Os azim: req. 


Southeriy, or MSW. wy W. js the point of 12 compaſs the ſup , 
18 115 | 


naue ug 8 PAP" CER hour of fix 
Sven;; to nd his deglination, and altitude. 


latitude — — 36d. 19m. ner tn.. 

— The ſun's azimuth— 10d. 14m. W. northerly. 
Here is a leg and its adjacent angle given; that is, the leg Ab 
10d. am. the ſurꝰs azimuth, and the angle b Af 36d. 19. the 
latitude; which triangle is made by problem 1 of Spheric 
Trigonometry Sion, problem page — and for its ſolution, 
chapter 5. on 4- J- Liga in pages 1 | 
and 128. Which: _ A —— 4 8 1 
1- For the ſum᷑s deęlination, n RO 72 
As T. O azim- — 27 S. c- latitude F. c. O declin. Or, 4 
As S. c. latitude - radius :: T. O azitnuth + 'T-Yeclination 4 
As S. 5 3d. 41m. S. god. :: T. rod. 14m. T. 12d. 38m. N. 1 
2. For the ſun's altitude at 6, the Is; - 1 
As Te. latitude · radius :: S. © azim. - T. O altitude, On 

As radius · S. azimuth :: T. latitude - F. O alt. at 6. 


As S. god. * T. $64.19m- . pd aas. at 


"on iT he uy deetination-apd Mituge a the hour of fix 
per; ; to find the latitude, and His azimuth; Nw 396 

dedination — Jom. 

ye OM New 2 tha 


5 a 


. s 7 : 


— — 
— = 


1 


206 | Afronomical Problems. Chap. IX. 
for which ſee lem 10. of Spheric Trigonometry Geometri- 
cal, in page 2 ſection 4- problem 1. cafe 2 and 
3- of Spheric 63 126. 


Problem 16. Sun's declination and his azimuth at the hour of fx 
2 the latitude and his altitude. 
| lination —19d. 24m- ſouth. 


ogm- E. 
laſt problem the hypotenuſe and one leg 
Sven; that is, Af 19d. 24m: the fun's declination, and Ab 10d. 
ogm- the O's azimuth ; "for which fos joudlaſh 10- of 
Trigonometry in page 113. and chapter 5. 

4- problem 1. cafe 1 and 3. — —— 
lar, in pages 125 and 126. 


Problem 17. Sun's azimuth and altitude at the hour of fix given; 
do find the latitude and his declination. 


Problem 18. The latitude of a place, and the ſun's declination 
ʒ to find the ſun's > urude and the hour of the day when 
ſun is eaſt or weſt. 


Nate, When the fon is euher paſt or well, he is then upon the 
prime vertical ZAN, in plate 7. fig. 2. 


latitude — — 51d. 
Example. 3 — 24 Jom. J verb 
In the ReQangle Spheric Triangle All. plate 7. fig. 2. Obſerve 
1. Akl the 


2222 
* Hui dect. of the ne 
4. Al his —: MEG <r Ta ene 


| 5. Ak the hour from 6; if eaſt, after 6 in the forenoon; 

but when weſt, before 6 afternoon. 

* e e the plain of the meridian. 

1. 88 drawn, quartexed, as alſo the 

axis Þ A I, equinoctial AQ, and of declination S 

| © fg w fo ly in problers 4. of this chapter, wen 
220 


he 


ve 


9 — 


gect. U. Aſtronomical Problems. 


eaſt or weſt. 

Then thro? I, draw a great circle to cut the equinoQtial EA 
Ain k, 1 1 * t 3, of Sher Geo- 
metry, in page 115, as kl, which forms 
the rectangle hare winas AM. 

For the hypotenuſe Al. and leg Ak, the former the ſun's al- 
titude, the latter the hour from 6, when he is either eaſt or 
„  — —  y 
7. caſe 2. of Spheric Geometry, in pages 117 and 118. 


But Trigonometry, * leg and its oppoſite angle 
given; that is KAl 51d. 32m. the 


ſun's declination : N and the hypo- 
tenuſe Al the ſun's altitude when eaſt, or weſt; are found by 
chapter 5. r * 
„ in 3 and 129. 
1. To *4 the fan's altitude, the proportion is ; 
As the fine of the latitude, is to the radius; 
So is the ſine of the ſun's declination, to the fine of his alti- 
tude, being eaſt or weſt. Or thus; 
As 8. angle KAL radius :: S. leg ki · S. hypot- Al. 
As S. 51d. 32m. S. god. :: S. 23d. 3om. -* S. 30d. 37m. © alt. 
2. To find the hour from 6, the proportion by the aforeſaid 
problem 4. and caſe 10. is; 


As the radius, is to the tangent of the complement of the 
latitude ; 


So is the tangent of the ſun's declination, to the fine of the 
hour from 6. Or thus, 
As radius Tc, angle kal :: T. leg kl. S. leg Ak. 
As T 45d- T.- 38d. 28m. :: T. 23d. 30m. - S. 20d. 13m. the hour 
from fix. 

Which reduce into hours and minutes of time, and add it to, 
and ſubtract it from 6 hours, giveth the hour of the day re- 
quired. 

That is, 20d. zm. reduced into time 1s th. 21m. almoſt 
Which added to Gh. com. 


— 2» 


The ſum ſheweth the ſun is eaſt at Ih- 21m. morn- 
And being ſubtr- ſheweth the ſun is weſt 4h- RS aftern- 
In the fame reQangle ſpheric 


Akl, (plate 7. fig. 2.) 
the five problems following may be reſolved, to exerciſe the 
learner. 

Problem 19- The Sun eaſt, the Latitude, and the Sun's Altitude 
given; to find the Declination, and the hour of the day. 


latitude 51d- zom. north. 
Example. The fun's altitude, 25d- 16m. morning- Here 


prime vertical ZAN in I, the place of the ſun when he is either 


oa, and kl, 23d. zom. the 


h 
. = a 
* 
- «A; 
— 


298 r Chap. N 
Here is che hypotenuſe, and one angle given; that is the 
tenuſe Al. 25d. 6m. the Sun's Altitude, and 2 


25 — Trex latitude; any: 


FJ 


in! 

| 1. For the ſun's declination; the proportion is, 

> ip us S. latitude : S. O altituge -- kenne 
S. god. S. gd. g.; S. 25d. 16m, S. 19d. 30m. nor. 

2. For the hour when be is Eaſt, it's thus; | 

T. c. © alt. * rad.::$-c. lat. T. hour frog 6 when E. Or, 

BEE -S: g- lat. 1: T. G alt. T. bour from 6 when E. 

As S. 90. 8d. zom 2 T. agd. 36. T. 16d 20m- or 1h- 5m 

which added (0-6, makes 7h. gm. the pe when the ſun is.caf 


Problem 20. The ſyn welt, dbe latitude and hour of the day 
given ; to find this altitude, and decknation. 
latitude tom. ſouth. 

Example. The} four + 3h. rem: Pie dr afternoon. 
l given a leg, and it's adjacent angle; chat is; the leg 
id. 15m: or 2 45m- the hour from 6, when the fun 1s 
welt r which triangle 
made by 12. or ry Geometrica). 
Ang for ic telobation, (ce chapter 5. ſefion 4. prob. 3. caſe 7, | 

and 9. in pages 127 and 128. And it's thus 
D the ion is, 
As T. c. dat - fadins :: S. hour from 6 T. © declinia. Or, 
3 nar from 6: T. latitude T. © deck. req. 
As &. god. 8. 41d- 15m. :: : T. 30d: Yom- - Tr ed 58m. foot. 
2. For his altitude, the is, 
As T. hour from 6. *- radius :: Sc. lat. Te © alt- when W. Or, 
As S. c. lat. © radius: T. hour from 6. T. © alt. when W. req. 


As $-'59d. om. — T. ä 4. 23m — 


Ferre, g. r T7 Are. 


Wy 


mh 


SF 


whey weſt. 


Problem 21. The fun eaſt, kis declination; and attitude given ; 
o find the latitude and hour of the day. 


declination 20d. om. ſouth. 

* The ſup's 12 230.3 A. M. or marn. 
Here are gives- the hypotenuſe, and one leg; hat is, the 
bypotenuſe A. 29d. zom. the Sun's Aletude, and; the leg k | 
20d. 5om- his Decl. nation: by > hy rages made by. problem 

10. Spheric 'Trigongttetry G eometrical in page +22. and for 
its solution, E ä 3. 

in pages 125 — _— ; ** 


. * 


— 


. | - 


ENA 


e 

[ 
n 
r 
. 
n 


— "x 


By. The} Hee oft ey Ab. gam. F. M. (or 


2 n 125 "20s. 
Problem bis Declination, and  beur of \ 
iy tives, ts fuk the Latin, and bis Aud. 22 


Sun's declination 10d. 39m. north, 


that is, the leg k | rod, 
5 tat vs he leg e 


making thi — from 
14 of Spherix Tri * | 


rigonometry Geometrical, in page 127. And 
far its reſokytion ee 3 2 $. caſes 13 
and 14- in pages 1.29 end {ae et 


Problem 23- The Sun raft, bir Altitude, and the hour of the dey 
' nan; to find Lauts and bis Declination 


Sun's altitude — tom. 
ee . 
ote, ti ma el 
o 

15 gIVER &, and one 3 tis t 
tenuſe A 30d · 20m, tbe Sun Altitude when eaſt, and the leg 


Here are given 
Sun's Declination, and 
6, when the ſun is weſt; 


. 


Ak 276, zom. or th. 50m. the boor tom 6, when be is ſo 


this triangſe is made probjem 10. of Spheric Tri 
Lay A tg for its — ſee cha ter 5. 
ſefion 4. problem . cies x pn 3, in pages 125 and 126. 


Problem 24. The fun in the Equine&i , the Latitude of a | 
—_— ö to find bis Azimuth, Sa 


Note, When the Sun hath no declination, he is then (ſaid to 
be) in the EquinoQtial ; which is twice in 2 year about the 10th 
of March, and the 12th of bas yrmmgþ 
Example. Suw's, altitude ard. zom. 4M (or morning.) © 


nth Bang She Trang ED Plate 1. fg · a. it is 
to de noted. | 


1. 24 hs Retungle. 
2. E the latitude | 
3. ED the hour of hes day From nood- 
4. ZD the t of the ſun's altjtode. 
+ ZD the fun's azimuth from the South in North Lati- 


but from the North mA South Latizade, N 
— . apa * 
T0 


210 Meade Problems. jute N. 
To project it Stereographically, by the plain ſeale. 
1. The primitive circle being drawn, quartered, as alſo the 
axis PAI, and equinoctial AAQ., as formerly directed in pro- 
blem 4. 

2. By problem 9. caſe 2. of Spherical Geometry, in page 112. 
draw a parallel circle at 21d. you (the given Altitude) diſtance 
from the horizon SAB; as is ADlt 
in D ; the place of the ſun at that _ a 

Through D (by problem 5. caſe 3. of Spherical Geometry, 
10 5 107.) draw a great circle perpendicular to 8 AB, as is the 
oblique circle ZDCN, which concludes the rectangle ſpheric 

ZD, and it's done. 
For the angle EZ D and leg D; the former the Sun's Azi- 
muth from the meridian, the latter the hour from noon, when 
the ſun is in the equinoQtal, are the two things required, and 


are meaſured by problem 7. caſe 2. and 8. caſe 2. of 
Spherical Geometry, in pages 110 and 111- 
But by ſpheric trigo , having the Hypotenuſe, and 


one Leg given; that is ZD 78d. om. the complement of the 
Sun's Altitude, aud Z Sid. 32m. the latitude : the angle 
2D the ſun's azimuth and leg AD the hour from noon, are 
found by chapter 5. ſection 4. cafe 1 and a. of Spheric Trigono- 
ectangular, in pages 125, 126. Thus, 

1. To find the Sun's Azimuth, the proportion is. 

As the radius is to the tangent of the latitude ; 

So is the tangent of.the ſun's altitude, to the ſine complement 
of the ſun's azimuth from the fouth. Or thus; 
As radius T. leg ZE :: T. c. hypot. ZD + Se. angle &ZD. 
As T. 45d. T. id 32m. : : To 000k gn. S. 3od. 19m. ' 

Which fubtea from , — — god. oom. 
Remainder is the Sun's Azimuth, ſogth | — od. 43m. 
Fa that is-SE. by EzE. is the ** of the compaſs t he 
un is u 

I, To find the hour, the proportion by the foreſaid problem 
2. and cafe 3 ing) 7 . 

As the fine com nt of the latitude, is to the radius ; 

So is the fine the ſun's altit » to the fine complement 
of the hour from noon- Or thus; 
AS. c. leg ZE · radius :: 8. c. hypot. ZD. + +8. c- leg XD. 
Ane 28m. S. god: S. 21d. — 'S. 36d: 43m 


do Kea gn Et" — — 1m. 
. hmm; een. Oe n. 27m. 


theMorning, 


to cut the Equino&tial TAO 


in 
In 
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In the ſame rectangle ſpheric triangle Z ÆC might fi 
blems more be —— which I leave to the —— SEE. 


p and ſo paſs on to Oblique Spheric Triangles in Aſtronomy. 


- Section III. Oblique Spheric Triangles, applied in Aftronomical 
g ems, uſeful in Navigation. | 
* the laſt Section, rectangled ſpheric triangles were applied 

to Problems of Aſtronomy, now in like manner obliaue 
» ſpheric triangles ſhalt be and both them 2nd the . 
F lowing are uſeful in Navigation. 


p * | 
problem 1. The Latitude of a place, the Sun's Declination, and 
- bis Altitude given; ta find bis Azimuth, and the hour of the day. 
) © C Latitude —5 id. 30m. 
Example. The 2 Declination—1 5. 10 north. 
F ( Altitude — 11. 30 
In the oblique ſphetic triangle PZ O. 7+ figure 2+ is to 
! be noted. | 
2 1. ZP the complement of the latitude: 
r 2. Z O the complement of the ſun's altitude. — 
2 3. ZO his diſtance from the elevated pole; which is the de- 
- clination added to go degrees, when the latitude and declination 
are of the contrary names; but if bf one name, it's the com- 
nt of the declination. 
4. PZ © his azimuth from the north in north latitude z but 
5 ſrom the ſouth in ſouth latitude. - | 


5- ZPO the hour of the day from noon- 

To project it Stereographically on the plain of the meridian, 

1. Having drawn the primitive circle and quartered it, alſo 
drawn the axis PAI, the equinoctial AAQ_, «draw the paral- 
le] of declination © I f R g, as before directed. 

2. Draw (by problem g. caſe 2. of Spheric Geometry in page 
112) a parallel circle, parallel to the Horizon SAB at 11d. 3om. 
(the given altitude) diſtance from it, to cut the parallel of decli- 

N nation in O, the place of the ſun at that time. 

3. Then through O draw. two great circles, one throng: Z 
and N, the poles of the Horizon; and the other throug Yr and 
I the poles of the equinoctial ; as is the Oblique Circle, ZON, 
and POI; which forms the Oblique Spheric Triangle PZ O, 
and it's done. - 4 t 13 

For the angles PZ ©, and ZPO, the fog. e ſun's egi 


muth, the latter the hour of the. d" by problem 8. caſe 2. of 


| things required, and are ro 3 
Spheric Yrigonometry, having 3 fides given ; that is 


But by fpk - x * . 
the complement of the Jatitude,'Z©, 78d. 3om. 
ZP. 382 zom. comp O a 5 » 4 
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the com of the Sun's rn 74d. 50m. his 
diſtance from the elevated pole; the angle PZ © the Sun's Azi- 
muth, and ZP© the Hour of the we 4 are found by chapter 

ſection 5. problem 11. caſe 11. Spheric Trigonometry 
Soltauer in pages 1 . 137. as ery 
1. Add the comp nt of the latitude, complement of the 
2 altitude, — the Sun's diſtance from the pole into one 


um. 
2 From half that ſum ſubtract, for finding the ſun's Azimuth, 
the ſun's diſtance from the pole: but, for the hour of 
the day, ſubtract the complement of the ſun's altitude, noting 
the half ſum, and the remainder. 
23. Then to find the ſun's azimuth, it's thus; to the Comple- 
ment Arithmetical of the fines. of the complement of the lati- 
tude and complement of the altitude, add the fines of the fore- 
faid half-ſum and inder : half the total of theſe 4 loga- 
rithims, is the fine — the Supplement of half the ſun's azimuth 
from the north in north latitude ;. and from the ſouth in ſouth 
latitude. | 
But to find the hour of the day, it's thus; ta the Comple- 
ment Arithmetical of the ſines of the complement of the latitude, 
and the ſun's diſtance from the „ add the fines of the aid 
half-ſum, and the remainder : f the total of theſe 4 loga- 
rithms, is the ſine of the ſupplement of half the hour from noon, 
lt which is ſhortned thus; 


1. To fd the xinqth, the apneion, is; 

ZP. 38 co. ar. o. 205850 
Ie containg ſides 1 S. co. ar. 0.008107 

PO. Ad. Som half ſum ſdes 95d. 55m. S. 9.997680 
Sum is 191d. 5om — 21d. .05m. N. 9.555971 
3 Sum is 94d. 55m. 9 is 19.708308 
Remaind. 21d. 06m. 49 59 8. 1 ſum 9.884154 
5 Which doubled — 4959 


double is — — Which 
2 


Remainde is the ſun's azimuth 80 oa from the north. 


by Gumer's ſcale. 
r 2 Sc. . Gne 
As S. god. - S. 38d. 3om. :: & 186. 30m 5 0,5 4h 


- 


41, 25cm. 
* Then 


ret 
As 
As 
As 
As 
O. 
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Then again, 0 | | 

As the 4th fine .. S. 1 ſum ſides : S. remainder” a 5th fine 
As 8. 37d. 35m. -. S. 95d. 55m. :: S. 21d. o5m. .. S. 36d. o6m. 

Againſt which, on the line of verſed fines 1s god. 02m. the 
ſun's azimuth from the north eaſterly, if in the morning, and 
from the north weſterly if in the afternoon ; that is, the ſun is 
near the eaſt by north point of the compaſs in the morning 
and near the weſt by north point in the afternoon. 

2. To find the hour of the day, the operation is, 


OP 74d. om. S. co. Ar-- 0.015.397 
Z © 78d. zom. half ſum ſides 95d. 55m. S. 9.997680 
— | Remainder 17d. 25m. S. 9.476133 
Sum 13 191d. 5Im. ; — — 
i Sum of the 4 logarithms is-19.695060 

+ ſum is 95d. 55m.) * . 


Remainder 17d. 25m. ——44- 45 S. half ſm 9.847530 


Which doubled——44, 45 
The double is 89. 30 Which 
ſubtract from 180 00 
| - h. m. 
rem. is the hour from noon 90. 30 equal to 6. oa 


Or thus; by Gunter's ſcale. 
As the radius .. ſec. latitude. : S. O diſt. from pole . a 4th fine 
As S. god. - S. 38d. 30m. :: 8, 74d. 50m. S. 36d. 36m. 


again, | 
As the 4th ſine N. æ ſum ſides :: S. remainder · a 5th fine, 
As S. 36d. 56m. .. S. 95d. 55m. :: S. 17d. 25m. .. 29d. 42m. 
Againſt which on the line of verſed fines, is god. 3om. 
Or 6h. 2m. the hour from noon; that is, 58m. after 5 in the 
morning, or zm. after 6 in the afternoon. 
In the ſame ſpheric triangle ZP © (Plate 7. fig. 2.) may the 
nine problems next following be reſolved. 
Problem 2. The Latitude of a place, the ſun's Altitude, and Azi- 
muth given; to find bis Declination, ani the hour of the day. 
latitude. 5 1d. 32m. north. | 
Example. The ſun's altitude- gd. 40m. in the forenoon. 
ſun's azimuthr 19d. 44m. from the north. 
In this problem are two ſides, and one angle between them 


18, Geometry 
ſection 5. — 9. cake 
Oblique, pages 133 and 134. 
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24 " Aftronomical Problems, Chap. IX. 
Problem 3. . The Latitude, the Sun's Declination and Azimuth 
tiven to find bis Altitude, nd; the bor of the de. 


latitude N — 13d. tom · nort k 
Es. 1. declination 79d. 15m. ſouth. 
© azimuth 1296. 40m. from Naftern. 


Here are two ſides and one angle oppoſite * that is ZP 


| zom. the complement of the Bn. © 99d- 15m. he 
pole, and PZ© 129d. 40m 
his azimuth z which triangle is made problem 16 of 


D in pages 118 and 119. BIT for it's ſolving, he 
chapter 5. ſefion.'5. problem 7. caſes 2 and 3. of Spheric Tri- 
83 ** in pages 131 and 1 32. 


Problem 4- The Latitude of 4 place, Sun's Mtitude, and the bour 
of the Yap given; te Jud the Su” + Azimuth, and bis Decline- 


— $1. ſouth. 
Example. The ̃ altitude 41d 10m. 
hour of the day zh. 15m: afternoon. 
Here are two ſides, and one angle oppoſite given as before in 
That is, ZP 5d. ogm- the complement of the la- 
titude Z O 48d. rom. the complement of the Sun's Altitude, 
and ZP © 48d. 45m. or 3h- . 15m: the how of the day from noon; 
aud therefore projected, and POET PIO 3: oleic 
in page 213. 


ay The Latitude of a Place, the Suns Declination, and 
Sour of ihe ay green; to find the Azimuth, and Altitude. 


- latitude- —-20d- 11m. north. 
Exmpale. The- declination 23d. 29m. ſouth. 
— — oh. 24m- morning. 
een and one angle between them g wen ; that 
is, ZP 69d. 4gm- the complement of the latitude, Po 1138. 
29M- the Sug's diſtance From the clevated pole, and PZ© 39d. 


282 . of ER 090 which is wrought 


before in problem 2: Page 3 
Problem 6. Latitude of a Place, * wn 
of. the day given; to find the Declination and Altitude. 


latitude- 13d. 10m. north · 
Example ma ſun's azimuth--1204. 30m. from the north. 


nn * I INT 


on A. dh. th 


ect. I. — Problems... as: 
Here are two angles, and one fide between them 

that is, ZP 76d. So. the complement of the Latitude, e 

120d. 3om. the Sun's Azimuth, and ZP © 36d. or 2h. 24m. the 

hour of the day from noon; for the making of this triangle, 


ſee problem 19. of Spheric Geometry, in page-120. And for 


its ſolution, ſee chapter 5. ſection 5. — 10. caſe * 


* Oblique, in Page 135- | 


Problem 7. The Sun's Altitude, 88 and bis Azimuth 
"py ES Latitude and bour of the day. 


 altitude----390. zom. in the morning · 


Example. The ſun's+4 declination Id. 12m- north. 
azimuth -110d- 20m- from the north. 


Here are two ſices, and one angle oppoſite given; that is, 
Zo 50d. zom. the complement of the ſun's a titude PQ 70d. 
m. his diſtance from the elevated pole, and PZ O 110d. 20m. 
his azimuth from the north, which triangle is made and Baer oi 
25 before in problem 3. of this ſeQtion in page 232. 


Problem 8. The Sun's Altitide, bis Declination; and bour of the 
day given; to find bis Arimuth and the Latitude 22 


ſun's altitude 1 2d. 35 m- 
Example. The J ſun's declination- 19d: 40m. north. 
hour — - — Fh. 42m. morning. 
Here dale two fides, and one angle oppe te given ; that 
is, Z 0 j58d- 35m- the complement of the Sun's Altitude PO 
70d- 20m. his diſtance from the elevated — and ZPO 94d. 
30m. or 6h. 18m. the hour of the day from noon; which trian- 


c W 
in page 215. | 


Problem 9. The Sun's Altitnide; bis Azimuth, and the bour of the 
day given); to find the Declination, and and the latitude of the Mace: 


fun? s altitude —1 1d. zom. 


Example. The) ſun's azimuth——75d- oom. Gm the N. 
hour of the day—o6h- 16m. afternoon. 


Here are two angles and one fide oppoſite given; that is, 
20 78d. 3om- the complemen caval tbe fort s altitude, PZ© 75d. 
The ſun's azimuth from the north, and ZPO gad. oom. or 6h- 
16m. the hour from noon; which triangle is made by problem 
17 of Spheric Geometry, and is folved by chapter 5. ſection 5. 
Problem 8. caſe 4 and 5. of Spheric 3 Oblique, in 
* and 1 13 a | ' 
* * 04 Problem 


5 


* 


— Chap. IX. 
welten i The e Declination, bis Humutb, and Bouy of the 
. . day groen; to his Altitudt and the latitude e of the Plucc. 


— — | 

- he of the day — oh. in the mos ni ! 
n — 
in the laſt Problem: that is, PO 70d: zom. 4 diſtance 
ar the elevated pole, PZ. his azimuth from 
| PZCQ) Sad. Or Zh. 28m. the hour of the day 


| tr, The Latitude and Lingitude of a Star, and the Ob- 

K . Rae given ; to find his Right Afeenſſon and 

| — lese © far. is an crch of e of bes- 

tude contained between the ſtar's center, and the ecliptic. 
A e of a ſtar, is an arch of the ecliptic, — 

g of Aries, and that circle of lon 


18 n 


N latitude 2d. north- 
—um— 2m. 
— I hy 


Ih the oblique ſpberic triangle PKD, plate 7. fig. 1. is to be 


noted. 
1. PK the Gitance of the pele of the ecliptic from. the 
6 r 2 22 * 


of the 
2. KD the ſtar's 8 from 
2 * Free oa 


D the complement of the far's FARES or diſtance 
pole of the world. 
| longitude from S, if the ſtar's latitude be 


angle; err 


le. 


t 
5 
* 
| 
— 
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Geometry, in pages 119 and 120. and by chapter 5. ſection 5. 
A 7 and 9, in pages 104 and 105. the proportions 
are as ws: | 

Firſt, To find the ſtar's right aſcenſion, the Operation is 
1. As S. half ſum of the ſides KD and CP, — — 456. 19m. 

Is to S. half their difference —— —— 21d. om. 
So is Tc. of half the angle PKD — — —84d. orm. 


To T. half diff, of the angles DPK and PDK 78d. 40m. 


2. As S. c. half ſum of the ſides KD and — 41m. 
Is to S. c. half difference 0 68d. 0m. 


Sc is Tc. of half the angel PKD . 34d. 30m. 


To T. half ſum of the angles DPK and BRK 35d 27m, 
Unto which add their half diff. before found———--78d. 40m. 


4 — —  . 


And it giveth the angle DPK —— —— -—— 164d. 07m. 

From which ſubtract AQ — god. oom. 

Remainder is AM the ſtar's right aſcenſion —— —7 44d. om. 
from the beginning of Y required. 


Secondly, For the ſtar's declination, the Operation is; 
As S. DPK ftar's right aſcenſion frem ] — — 164d. om. 
Is to S. DK its complement of latitude ——— 67d. o8m. 
So is S. PR D its longitude from S 11d. 58m. 
To S. PD its complement of declination —— 44d. 19m. 


—— — 


Wherefore the ſtar's declination is north ——— 43d. 41m. 


Problem 12. The vigbt aſcenſion of the fun, and right aſormſion 
of a flar given; to find the time of the ſtar's coming to, or upon 
The rule. Subtract the ſun's right aſcenſion from the ſtar's 

right aſcenſion, the remainder reduced into time, is the time of 

the ſtar's coming upon, or to the meridian, afternoon. 
Note, If cannot ſubtract, add 360 degrees to the flar's 
right aſeen and then ſubtrut. | | 
Example. The ib of Oftober 1731, 1 demand at what time 
Aldebaran, or the Bulls Eye, cometh to the meridian 7 
| d. m. * 
. th of Oc ober, the ſun's declination is 8 34 8 increaſe. 
— A | a — —3 30 ſouth. 
6 — of Aldebaran is} | 3 57 in 


By ca ff fe problem 75 the 1 2 2 
Then add 360d. to 65d. 03m. the ſtar's right aſcenſion, and 


it is 425d. 03m. from which ſubtract 200d. 45m. the ſun's right 
aſcenſion, the remainder is 224d. 18m. which maketh 14h. 
57m. the ſtar's coming to the menicuan after noon, that is 57m, 
after two in the morning. 

And thus having found the Right Aſcenifion, Declination and 
time of any ſtar's coming upon the meridian, you may by pro- 
blem 4. ſection 2. of this chapter, find its amplitude, and aſcen- 
fional difference, and thereby its rifing and ſetting : its diftance 
from the meridian at any altitude, obſerved by problem 1. fec- 
tion 3. of this chapter, in page 212, and fo the hour of the 
night thereby ; all which I leave, for the exerciſe of thoſe that 
are learning theſe things. 


Section IV. Ts 4-rine of the Sphere, . 
applied in ay Aftronomical Problems, ufefut in Navigation, 
according to the Pythagorean Syſlem. 


TRD Syſtem of the World, lately revived by 

Copernicus, is now generally received by the moſt, and 
beſt aſtronomers ; it being indeed the moſt agreeable to the 
motion of the Heavenly Bodies, confirmed hy experience in the 
conſtant obſervation of them, in which theſe are Fundamental 
Principles. 

1. That the earth is carried round the ſun in a large orb or path, 
berwixt the orbs of the planets Mars and Venus, once in a year. 
2. That beſides this Annual Motion, the earth turn's round 
her own axis once in 24 hours. 

3. And that the ſaid axis of the earth is inclined to the plane 
of her orb at the ſame angle, and keeps in all parts of it, nearly 
parallel to itſelf. 
On theſe aſſertions, but chiefly the ſecond; to wit, the 
Diurnal Motion of the Earth about its own Axis once in 24 
hours, whereby all the viſible appearances of the ſun and fixed 
ſtars are ſolved, I ſhall at preſent confine. my diſcourſe, and on 
which the following problems are grounded. , 

In order to a right underſtanding thereof, I will deſcribe the 
1 ant how thy are drown in the Servos 

hical On, on the 3 Ic, 
| L how to calculate RFI requiſites. ey 
Note, In the following deſcridtion. I make uſe (for the moſt 

) of the ſame letters for the ſame things, as before in the 


Proemaic Projection, treated of in this chapter. 0 
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The deſcription if the circles of the & (as grounded on the 

antient i bagorean, or can Syſtem of the World,) are as 
ol. awetb. 

/ 1. The ſun illuminateth one half of the body of the earth 
continually ; as repreſented by plate 8. fig. 1 and 2. wherein 
the lines HK'S, or HLS, which determineth the illuminated Part 
of the Earth's Diſk A8, from the obſcure HDS; the ſaid 
HKS, or HLS, is called the horizon of the Earth's Diſk. 

2. The primitive circle Y Sg NM, is the earth's ecliptic ; 
which ever heth in the plane of the ecliptic in the heavens. 

The poles of the ecliptic are K andL; the firſt is the north 
pole of the ecliptic, on the earth's globe, and the latter the 
fouth pole thereof. 

The poles of theearth's globe are P and I; the firſt its north 
and the latter its ſouth pole; each being 23d. 3om. from its cor- 
reſpondent pole of the ecliptic ; that is KP, equal to Ll, is 
equal to 23d. 3om. on the ſcale of Half-Tangents, and it's cal- 
led the line of direction of the earth's axis. 

3. The equinoctial in the heavens, or equator on the earth, 
is repreſented by the oblique circles Y Q, or VE, of 
which P and I are the poles; and they are drawn with the Se- 
cant of 23d. 3om- according to problem 2. caſe 2. of Spherical 
Geometry, in pages 104 and 105. - 

4. All meridians paſs through the poles of the earth's globe; 

as here  P=, or VI, are Meridians, and drawn with the 
GSecant of 66d. 3om. the complement of 23d. 30m. as before. 
V <P, or yI, is called the firſt meridian ; and the meri- 
dan S PK M, or SLI y is the earth's Solſtitial Colure: for 
whenever the direct rays of the ſun run parallel to this meridian, 
and that is, when the ſun appears from the earth, to be either 
in S or M; then the Longeſt or Shorteſt Days are made in 
all places on the globe of the earth. 

The earth's equinoctial colure, is V K = or V L, for 
whenever the central rays of the ſun run parallel to it, the days 
and nights are equal in all places. Or according to the Ptole- 
maick Syſtem, the meridian Y P and I, is the equi- 
noctial colure, tho? here we call it the firſt meridian. 

5 Circles of longitude, paſs thro” the poles of the ecliptic, 
and in this projection, are right circles ; therefore are ſtrait lines; 
af A S K WM, - 82 8 a 8 
here for the point of the earth's peri 5 to 
fon, or to # ſtar, or Fying in  frvit Tie produced rom K. or 
L, thro* the center of the ſun, or any ſtar, is called ſun's or 
ſtar*s place in the ecliptic. | | 
Theſe are the great circles belonging to this Projection. Now 


3 
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The deſcription of the parallels or leſſer circles. 

6. Parallels of declination, are here patallels to an oblique 
circle ; the equinoctial Q, and J A =, being fuch. 

The tropics are two parallels of decſination, diſtant from the 
equinoCtial 23d. 30m. or 66d. 30m. from each pole of the world; 
as S fg f S, and Whih y; the firſt is the tropic of cancer, 
the latter is the tropic of capricorn. 

Theſe tropics are thus drawn; from the Scale of Half-Tan- 
gents lay on the Solſtitial colure 47. (the double of 23d. zom. 
from Vp to g, or from S to r. Or thus; lay the Half-Tangent 
of 43d.) the complement of 47d. from K to g. or from L toi i: 
then the middle between S and g; or between M and i, is the 
center of theſe tropics. 

The polar circles, are two parallels of declination, diſtant 
from the equinoctial 66d. 3om. or 23d. 3om. from each pole of 
the world: as KnonK, andLprpL; the firſt is the artic, 
and the other the antartic circle. 

They are thus drawn, on the Solftitial Colure, lay the Half- 
Tangent of 47d. (the double of 23d. 3om-) from K to o, or from 
L to r; then the middle between K and o, or between L and 
r, is the center of thoſe polar circles. 

7. Parallels of latitude, with reſpe& to the heavens, are in 
this Projection parallel to the Primitive Circle, which here is 
the ecliptic: as any circle drawn on K or L; as a center is a 
parallel of latitude. | 

All theſe circles are general, as belonging to this Projection 
without any regard to the latitude of any particular place, on 
the globe of the earth : the deſcription of the meridians, or 
hour circles, azimuths and parallels of latitude; alſo how to 
draw them (theſe being peculiar to a particular latitude) you 
ſhalt have in their proper place, as they come in uſe in the fol- 
lowing problems. 


Problem t. The fun's place in the ecliptic given; to find his diſ-- 

I tance from the north or ſouth pole of the globe ; bis right aſcen- 

| Fon; and the angle which the meridian paſſing through it, makes 
with the ecliptic. 


Example. The ſun's place being in the beginning of T, or 60 de- 
8 the firſt point of V; I demand his diflance from the 


1. To do this, lay the ſun's longitude from V to 60d- on the 
primitive circle, from V te O. 

2. Through O and P. or & and I, draw a great circle QPD, 

or GID, which i the proper meridian, to the place of the fun. 

| 3 Then 
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2a 
Then, between the proper meridian, the ecliptic, and the 

1 colure, there is formed a rectangle ſoheric triangle, 

having its legs given; to find the hypotenuſe, and two angles : 

that 18, * | 

e eee S O, orI S O. Plate 

9. I 2 

l. fox S ©, is the complement of the ſun's longitude 
from V, or his diſtance from the equinoctial, 3od. 

2. The S P, or SI, the diſtance of the pole of the 
from the ecliptic ; or the complement of the diſtance of the 
pole's of the globe and the ecliptic 66d. | 

3- The hypotenuſeP ©, or I ©, the fun's diſtance from the 
north or ſouth pole of the globe. | 

4- The angle S P ©, or SI ©, the complement of the 
ſun's right aſcenſion, from the neareſt equinoctial point. 

5. The angle POS S, or 1 © S, the angle of the proper me- 
| „0 le, the 

t. For the ſun's pole, the proporti 
N ſection 4. problem 5. aſs F Tee 
metry Rectangular, in pages 129 and 1 30. is thus, | 
As radius S. c. leg S © : : S. c. leg S P. S. c. hypotenuſe Po. 
As S. god. S. 60 degrees :: S. 23d. 3om. . . 8. 20d. 1am. the 
Reflection; That is, 
As the radius is to the fine of the Sun's Longitude from the 


equinoctial. 

So is the fine of the two Poles Diftance, to the fine comple- 
ment of his diſtance, from the neareſt Pole of the globe; or to the 
fine of PB or IB the reflection, which is equal to the Sun's De- 
clination in the Ptolemaic Syſtem : in this caſe 20d. 12m. north. 

2. For the Sun's Right Aſcenfion, the Proportion is; 

As radius « S. leg PS:: T. c. leg O S T. c. angle S PO. 

As S. god. - S. 66d. 3om. : : T. 60d. +- T. 57d. 47d. 49m. © R 
Right Aſc. That is, 

As the radius is to the fine complement of the two Pales Diſ- 
tance. | | 

So is the tangent of the ſun's longitude from the neareſt equi- 
nox, to the tangent of his right aſcenſjon from the ſaid 9 mh 

3. For the angle of the proper meridian with the ecliptic, 
the ion is thus; 5 
As radius - S. leg S © :: T. c. leg S P. T. c. angle PQ S 


” 


As S. god. - S. Jod. :: T. 23d. 30m. T. 12d. 16m. 
Which ſubtract from god. oom. 
The remainder being =77d. 44m. is the An- 


gle of the meridian and the ecliptic | 
In the fame triangle may 2 and 3 of ſection 2. of this 
chapter be reſolved, which 1 paſs over. a, 
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ps ng pe 
ceofonl Fee, ond co Fn riſe cel fit 


latitude —5 1d. 32m. N. n amp. and 
Be. The dan 2 — den fun's Len at. 


N 27 Plate 8. fig- 1 and 2. 


1. To do this, after you have done what was directed in 
ie 1. then get the ſum and difference of the latitude's 
complement and the diſtance of the two Poles, that is the fum 
and difference of 38d. 28m. and 23d. 3om. the firſt is 61d. 58m. 
and the latter is 14d. 58m. 

2. Then make K t or L t. equal to the half-tangent of 61d. 
— and alſo K m, or L m, equal to 14d. 58m. on the fame 


3. The middle between m and t, is the center of the circle abc 
⁊ td e h m, which is the parallel of latitude for id. 32m. and in 
this projection, it's the line deſcribed b n as the earth 
turns round, and from thence is called the Path of the Vertex. 
And if you conceive the Colures, all the Meridians, the Path 
of any Vertex, and indeed all the lines and circles that are or 
ſhall hereafter be deſcribed as a fixed Rete, cloſe inveſting the 
Earth whilſt ſhe turns round within it, whoſe motion about its 
Axis being from Weſt to Eaſt, then the ſun is ſaid to Riſe, when 
the Vertex paſſeth that pointin the Path where it cutsthe Horizon 
of the Earth's Diſk, which is here at a; to Culminate or on the 
Meridian where it croſſeth the proper Meridian betwixt him and 
the Pole, which here is at 2 ; and to Set where the Vertex paſſeth 
the other interſection of the Path and Horizon as here at h. 
4. Thro' a, and ©, draw a great circle, as alſo thro” a, and 
P, ſo have you two Triangles on the Eaſt fide of the Meridian, 
io wit, © Pa, and P Ba; in like manner if you draw a great 
circle thro? P and h; and thro” O and h; they will form two 
triangles on the weſt, or deſcending fide of the Meridian: but 
if any one of theſe four triangles may ſerve to anſwer the Pro- 
blem, and therefore I take one Triangle at Sap-cifag, which 
may ſuffice for ſetting ; wherein obſerve, Kay 
1. Ni d triangle PB, plate 8. Ggure « 
the reflection or that which is equal to the 
Sun's — found by Problem 1. in Page 219, to be 20d. 
. The H ſe Pa, the Complemen of the Latitude of 
s.- ypotenuſe P a, t 
the Place, or r 
ee 5 EW 
3. The 


Chap. N. 


— 


rence, the proportion by the aforeſaid problem 1. caſe 1. page 


2 
r 
E 
8 
n 
n 
e 
d 
h 
d 
I, 
at 
0 
ut 
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3- The angle BP the or the complement of the 
Sun's Azimuth from the North in North Latitude ; and from 
the South in South Latitude ; from the angle Pa© is the Azi- 
muth from the North at Sun Riſing. and the angle PaP is its 
Complement, and therefare equal to the Amplitude. 
4 The angle BP a, © from Midnight ; that is, the 
time of his riſing after, and ſetting before 12 at night. 

l Fer the ants Bo „ the Sun's Amplitude; the proportion 
by chapter 5. ſection 4. problem 1. caſe 2. in page 125 and 126. 


is thus; 
Mes bran Fe - radius wo: S. leg BP : S. angle Bap. 
ha > | S. god. :: & 20d. 1am. S. 33d. 43m. 
t is, 


As the fine complement of the latitude is to the radius; * 


the fine of the reflection, to the fine of the ſun's amplitude ; 
336 43m: from the eaſt northerly, at ſun's rifing ; and from 


eſt northerly, at ſun ſetting. 
8 BPa, the com t of the aſcenſional difſe- 


125 
„ T. c. hypot. Pa: T. leg BP. -- S. c. angle Bpa. 
r . T. 51d. 3am. :: T. aod. 12m, S. 27d. 35m. 
the ſun's aſcenſional —_— which is oth. om. before 6, 
his riſing ; and as much after 6, is the Sun's ſetting, becauſe 
its North Latitude, and the fun is in a Northern- ſign; but it's 
the con when one is North and the other South. 

In this triangle may Problem 4, 5, 6, 7, 8, 9, 10, and 11, of 
Section 2. of this Chapter be ſolved. 


Problem 3. The ſame given as before efore in Problem 2. to find the 


uns diſtance be vertex, when due ea weſt, 
1* 22 — Au be 2 be * 2 * 


Latitude 5 1d. 32m. N F ſun's zenith diſtance. 
— 2200 00 20% the J ume when be is caſt 


ws, 


required. 


the Vertex, or parallel of latitude is drawn, as before in Pro- 
blem 1 and 2. Then thro” O and D, draw a great circle, juſt 
to tauch the Path of the Vertex, on either ſide ot it, as the ob- 
lique circles © cd. and & dD. 

2. Through P and c; or P and D; draw a great clots, 60 
eo. 5 6.10.0 cok can He hb he Yah: 
when the ſun ſhall appear due eaſt or weſt: and then there is 
formed two triangles, Pc©, and Pd; one when the ſun is 
eaſt, and the other when he is weſt; in exch the ſame things 
xe given and required, Therefore obſerve. 


To delineate this ; after the proper meridian, and Path of 
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| In the Rectangle Triangle, Pco. Plate 8. fig. 1. 
1. The hypotenuſe Poe the Sun's Diſtance from the pole, 

— Shoes 1. to be 69d. 48m- the complement of the re- 


2. The leg P. e. the diſtance of the Pole, ſrom the Vertex or 
complement of the latitude, in this example 38d. 28m. 
3. The leg © © the Sun's Diſtance from the Vertex, or com. 
ent of his Altitude when Eaſt: and the ſame when Weſt. 
4- the angle ©Pc, the Hour from Noon, when he is or ſhall 
3 
1. For the leg © c. the Sun's zenith diſtance, the proportion 
bas ſection 4. problem r. cafe 3. in pages 125 and 126. 
is this. 
As S. c. leg Pe. * radius :: S. c· hypot. & P· & c. Oc. 
As the S. 51* 32* 8. god. :: S. 20d. 12m. 8. — Al- 
284 and the ſame when weſt. 
That is, 
As the ſine of the Latitude, is to Radius, 
So is the fine of the RefleQtion, to the fine complement of 
the Suns Zenith diſtance; or his ftance from the Venex in 
this cale 63d. om. | | 
2. For the angſe ee, the Hour from N 


or thus ; * 
As radius T. leg Pc :: Tc. hypot. GP - Se. angle OR 
As T. 45d.” T. 38d. 28m.:: 20d. 1am. S. 17d. gom- or ih · 8m. 


tis; 


As the Radius is to the Tangent t of the Latitude; 

So is the tangent of the Reſſection, to the Sine Complement 
of the hour from noon, when the ſun is due eaſt, or weft; in 
this caſe he is eaſt at 8m. after 7 of the clock in the forenoon, 
and weſt at — 7A in the afternoon. 

In chis triangle may problem 18, 19, 20, 21, 22 and 23, 
—— 8 


fers in Problem 2. to find the 
flows a Lamp Os. oo 
C. I. 


de id. Lc „ren. diſt. 
img y Prem; aaa imb. 

at the clock, 
. To — on The proper Meridian, TAS the 
Vextex is drawn, as before in problem 2. Then thro* P, draw a 
you circle, at right angles with the proper Merician, to cu? 
and in e; and the horizas of the earth's diſk in A; 


where it always interſeQs the Aquator ; as the oblique Circle A 
, 85 bYe, 


3 . 


the meridian. — 
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bPe, Able; which is the Meridian or Hour Circle of 6, fo 
that b (in the Path) is the place of the Vertex at 6 in the morn- 
ing ; and e. its place when 6 afternoon. 5 

2. Therefore thro ©, and b; or ©, and e, draw a great circle, 
and you will form two right an triangles b O, or eP©; 
one of them is ſufficient to ſolve the queſtion, being equal trian- 
gles : if you take the firſt at 6 in the morning; it follows. 

la the right angled triangle b O. Plate 8. fig. 1. 

1. The leg b; the diſtance of the Poi: from the Vertex, or 
the Complement of the Latitude; in this Example 38d. 28m. 

2. The leg PO, the Sun's diſtance from the Pole found by 
prob. 1. to be 69d. — the complement of the reflection. 

3. The hypotenuſe b O, the Sun's diſtance from the Vertex, 
or complement of his Altitude at the hour of 6. 
4. The angle bP©, his Azimuth from the north, in all 


north latitudes, and the contrary in ſouth latitudes: for in what 


part of the Path ſoever the vertex is found, that = of the 
hour circle, intercepted betwixt it and the North Pale, of the 
globe, is the north part of that meridian, or hour circle; and 
intercepted betwixt it and the ſouth pole, is the ſouth part of 

5. For the hypotenuſe bo the Sun's zenith diſtance at the 
hour of 6, the proportion by chapter 5. ſection 3. problem 5. 
caſe 14. in pages 129 and 130. is thus; , 
Radius S. c. leg Pb :: S. c. leg P. S. c. hypot. bo 
8. god. . S. 51d. 32m. :: S. 12m. ** 8. 15d. 41m. ſun's alti- 
tude at & in the morning or afternoon. - | 

That is ; 

As radius is to the ſine of the latitude; 

So is the fine of the reflection, to the fine of the ſun's alti- 
tude, of complement of his diſtance from the vertex, at the 
hour of 6, 74d. 19m. 1 

2. For the angle Pb O, his azimuth at 6, the proportion is thus; 
As radius - S. leg Pb :: T. c. leg PO. T. c. angle Pb O. 

As S. god. + S. 38d. 28m. :: T. 20d. 12m. T. 12d. 53m. Sun's 

azimuth from the eaſt, at 6 in the morning; but from the weſt 

at 6 in the afternoon. | . ' 
That is; 

As the radius is to the fine complement of the latitude; 

So is the tangent of the reflection to the tangent complement 


of the ſun's azimuth from the meridian, at the hour of 6, in 


this cafe it's 77d 07m- from the north; that is, almoſt E. by 
N. at 6 in the morning, and near W. by N. at 6 in the after- 
noon. | 

In this triangle may problem 12, 13, 14, 18, 16 and 17, of 
ſection 2. of this chapter be ſolved. 2 * os | 

| P Wroblem 


2  Aftfonomical Pribiems.” * 

Problem 5. The ſun in the equinox, the latitude „ and 

— Bloffs ts nd by! e, ind the bour of the ay 
he i 


| Note; The fun is ſaid to be in the Equinox, when he is in 
the beginning of V, or ; and then he hath no declination. 


| latitude-—-51d- 32 NT . f ſun's azimuth. 
Ex. The 1 : given; the | hour of the day 
required: To delineate this. Plate 8. figure 1. 


1. Su poling the fun in the beginning of V, and then the ho- 
riaon of the carth's diſk's is S AC Vp, and the proper meridi- 
an then is V P 2: the fun's riſing at London is at m, his ſet- 
tinge t &c, The path of the vertex being drawn as before 
in problem 2. 

2. Then (by problem g. caſe 2. of herical Geometry, in 
page 112-) draw a parallel circle at 57d. di e from V, to cut 


the path in b the place of the vertex of London when its diſ- 


tance from the ſun is 574. the com of the given altitude. 

Draw a meridian through P and b; as alſo a great circle 
through. b and. V, the place of the ſun, ſo will you form the 
triangle Pb, and bPK; either of them will ſolve the queſti- 
en: 23, 

In the right angle triangle PKb. Plate 8. figure t. 

1. The Hypotenuſe Pb, the diſtance of the pole from the path 
of the vertex, or complemeng of the latitude, 30d. 28m- 

2. The leg Kb, the ſun's altitude, or the complement of his 
diſtance from the vertex, 33 

3. The angte-PbK (the fu 
ſun's azimuth from the nort 
_ RS 2 
t 
The angle bPK, the c t of the angle by (the 
Hour from Noon) is the hour of the day from 6. 

1. For the angle PbK, the azimuth from the meridian, the 
n ſection 4. Problem 1. caſe 1. in page 
125-) is thus; 

| As radics = T. c. hypot. Pb: T. leg Kb · S. c. angle PbK. 

M T. 48d. T. 31d. 3am. :: T. 33d. S. 54d. 49m- the Sun's 
azimuth from the eaſt. That is; 

As the radius is to the tangeat of the latitude ; 

So is the tangent of the ſun's altitude (when in the equinox) 
to the fine complement of his azimuth from the South, that is 
35d. 11m. 8 Eaſterly, or S. E. by S. z E. almoſt. 

2. For the angle PAK, the hour from & the Proportion 
chus; | As 


S5 vas Bu 


Sf. 8 


Cs 
th 


Yy WW” ue ww 


Sect. V. 


y_ 


AsS. hypot. Pb - radius S. :: leg Kb = S. angle bK. 
As 8. : 28m> -L. god. 27 S. 334. 614. o6m. or dh im. 


That 153 

As the ſine complement of the latitude is to the radius; 

So is the fine of the ſun's altitude (when in the Equinox) to 
the Sine of the hour from 6. 61d. Om. equal to 4h. 4m. which 
makes 4m- after 10 in the morning; dur had it beets in the af- 
ternoon, then it's 56m. after . 


In the ſame angle, 5 problems. more muy. be. reload 


which Ileave-the Tarner to ravent. 
Problem 6. 'The latitude of u place, A Gs phe es 

muth, » 7 
* 3 32 N d een 
= ſon's place Tf oo. oo Jens 

his altitude 36. coAM dad 

i. Draw a parallel circle, 54d. diſtance 88 
of the ſun) and where it cats the Path (of the Vertex) 2 
place of the Vertex, when ita diſtance from the Sun is 54d. or 
when the Sun's, Altitude is 36d. as here it doth at 7 and 5. 
which will form the triangle OP; the like may be done thro? 

which will form another triangloequal in all its parts to this 
N + . ap wherefore-obſerye. 
In the Oblique Triangle SPY. Plate g. figure 


and bis rangi, ance r to fd e 
To delineate this. Plate 8. 

4- Thre” 7, and P; and theo? 7, and © draw great 

1. The fide PQ, the diſtance of the Sun kom the Pole, 


found by Problem 1. 0 be 69d. 48m. the complement of the re- 


fleQtion 20d. 12m. - 

2. The fide P7, the diſtance of the Pole from the Vertex, of 
the of the Latitude, in this example 38d. 28m. 

3- The fide © 7, the Sun's diſtance from the Vertex, or the 
of his altitude in the farenvon oom. 

4. The angle P7 ©, the Sun's azimuth from the north. 
* The angle DOP), the Hour of the Day from Noon · 

angles P7© and ©P7, may be found by chapter 5. 

ſection 5. problem t 1. caſe 11. of Oblique Spheric Trigoncme- 
_— RY > Ed r z to 
find an angle, and when wrought you'll find the angle Pro 
103d. 12m- the azimuth, from the north, or 76d. 48m. from the 
ſouth eaſterly, which makes R. by S. almoſt. 
And the angle OP) is 57d. 04m. or 3b. 48m. the hour from 
noun, which c2m. after $ in the mo 

But had it been in the afternoon, then the hoes would he 
43m. a _— 76d. 48m. ſouth weſterly or W. 
by S. almo P 2 In 
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In this triangle may prob. 1, 2, „6, 7, 8, 9, and 10, of 
rn | 


Problem 7. The longitude and latitude of a flar given ; to 
* its prob aſcenſion and declination. | * 
Let the reo 
longitude E 18d. oam. 3 ight aſcenſion? 
north & whats its J J lietenf 


lay 67d. om. (the complement 

of the ſtar's latitude, or its from the neareſt pole of 

the ecliptic) on the circle of longitude from K to 2x. 

+ Fad P, and &, draw a meridian, that is 2 great circle, 
it's done. - 


Then in the oblique triangle KP. Plate 8. figure 1. Ob- 


ſerve; , 
1. The fide PK, the diſtance of the two poles, or line of the 
direction of the earth's axis always; 23d. 3om. 
2. The fide K &, the Star's diſtance from the Pole of the 
Ecliptic, or its complement of latitude, equal to.67d. o8m. 
3- The angle PKx&, the ſtar's longitude from the Solſtitial 
Colure, in this problem is 11d. 58m. | 
4 The angle K PX, the ſtar's right aſcenſion from the ſame 
colure. 22 — 
5. The fide PX, the ſtar's diſtance from the pole of the 
globe ; or complement of his declination. - | 
So that here are two ſides, and an angle between them given; 
to find an angle, and the third fide; which is performed by 
chapter 5. ſection 5. problem g. caſe ) and 8, of Oblique Sphe- 
rical Triangles in pages 134 and 135, and being the fame as 
problem 11. of ſection 3. of this chapter, in page 216. I leave 
it to the learner's working. | | 


Problem 8. The latitude of a place, the ſun's place in the ecliptic, 
and the time of the day given; to find what point of the ecliptic 
culminates in the meridian ; the bigbeſt point in the ecliptic (cal- 
led the Nonageſima Degree or goth Degree of the ecliptic) the 

diftance of each of theſe from the Vertex, and the Parallafiic 

le, or angle which the vertical circle makes with the ecliptic. 
It's uſual to find theſe things in the calculation of Eelipſes, 
andthe Moon's paſſing over fixed Stars; which in the Ptolemaic 
| 2 Projection 


a 8 7 


SO NN Peay 


* 
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projection, are with much difficul ſhewn, but in this moſt 
readily and eafily repreſented. FT 


Latitude——5r, 32 N - Point culminating TW 
Sun's place I OO. 00 given; the 123 degree 
Hour — gh. A M Vertical diſtance of each 


required. To delineate this. Plate g. figure 1. 
1. The ſun's place, proper meridian, and path of the Ver- 
tex, being drawn as before, draw an hour circle, or meridian 


- thro? P. 2 (the diſtance of the given hour g) from the proper 


meridian, as P g, to cut the path of the Vertex in 9, and the 
earth's ecliptic in C and in F. 

2. Thro* 9, and D, draw a vertical circle; and thro* K, 
and 9, draw a circle of longitude, to cut the primitive circle 
in N, and it's done. For. 


1. C is the point of the ecliptic culminating, or in the meri- 
dian of the place, at the given time. 


+ NEN or the higheſt point of the 
ecliptic, at the ſame time. 

3. Cg, and N g, are their reſpective diftances, from Lon- 
Jon's — at that time. 

4. The No, is the paraliattie angle, or angle which the 

Vertical circle, makes with the ecliptic at the ſame time. 
"Then the rectangle triangle PS C. 

1. The angle CPS, is the complement of the right aſcenſion 
of the Mid-heaven, or point of the ecliptic in the meridian of 
the place at the propoſed time, being the time from noon (when 
afternoon added to the ſun's right aſcenſion, found by Problem 
1. But when the propoſed time is in the forenoon ſubtracted) 
in this caſe is 77d. 11m-the c t of 12d; 49m. found b 
ſubtracting (the time) 45d. from 57d. 49m. the ſun's right af 

n. | 

2. The leg PS, is the t of the diſtance of the 
poles of the globe, and ecliptic, equal TG 2008. 

3. The leg CS, is the complement of Y C, the longitude 
of the Mid-heaven, or the point of the ecliptic culminating in 
the meridian, at the propoſed time. 

4- The hypotenuſe CP, the diſtance of the Mid-heaven from 
at the faid time. 
1. For the leg C S, the point culminating, the proportion 
nne 7. in pages 127 and 128. 

is thus; 

As radius = S leg PS T. angle CPS T. leg CS. 

& god. S. 66d. 30m. :: T. 77d. 11m. T. 76d. oam. 
Aer 13d. 58m. is YC; Ae 
ven is v 1 


2. For the dran CP. ans bow; 


Radiug 
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| Radius - &. c. ange CPS :: T. c. letz PS · T.. hypotenuſe Cp. 
S. god. &. 12d. 48m. 2 F. 23d. 3om. *+ T. ogd. Jom. whoſe 
com 84d. 3om. is PC, from which take away Pg, the 
diftance of the pole from the Vertex 38d. 28m. the remainder i; 
the diſtance of the Mid-heaven from the Vertex 46d. 02m, 

in the oblique triang'e PgK. 

1. The fide P | the diftance of the two Poles 23d. 3om- 


4. The fide Pg, the complement of the latitude of the place, 


28 
* The angle KPg, the difference of the right aſcenſion of 
een and firſt point of M]; in this caſe 102d. 49m. 
found by rr 270 degrees, out of (12d, 48m · added to) 
a The angle oe Po, —— the Nonageſima from 


Fir For the angle PKg, the proportiap. by „ ſec- 
__ problem g. caſe 7. in pages 134 and 135. is thus, 
1. As the ſine of * the ſum of the ſides Pg, and PK, is to the 
fine of & their difference. 
So is the tangent complement of + the angle K Pg, to the 
—_—— the difference of the angles PK g, and Pg K, 


| . A 4 
PEK. is to the fine complement of half their difference. 
So is the tangent complement of half the angle KPg, to the 
tangent of half the furp of the angles PKg, gnd PK. 
That is, 
d. m. d. m. d. m. d. m. 
+. As the 8. 3% 59.8. 07. 29. : T. 38. 36. T. 11. 25. and 
2. As the 8. 59. or. - 882. 31. 2 T. — — | 


being added, — Jg. or SN. 
babes from — * — Ig 


Remainder is the deen gel dees J trom 


r 
or t is 

Av'S. angle Kg. 8 fide Pg : 2:5. angle KPg- - 8. fide Kg. 

As S. Sad. om. - 8. 38d. 28m. : 8 1 
the diſtance of the vertex from the pole of the 2 
to which is the altitude of the whoſe complement 


N diſt fi vertex. 
1d. 32m. is 9, its diſtance from 
* in, in the rectangle 
„ Tho leg: N, the fun's diſtance 
EDN 1 
YO 


ON. 
the 
23 
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2. The Ny, the diſtance of the Nonageſima from the ver- 
tex; found as before, is 41d. 33m. 
3- The hypotenuſe ©9, the ſunꝰs diſtance from the Vertex. 
4 The angle N©g, made between the vertical circle and 
the ecliptic, is. the Parallactic angle: to find which, the pro- 
prores N ſection 4. problem 5. cale. 13, in pages 129 


3 ON :: T. c. leg. Ng. . T. c. angle N©g- 

As S. god. S. 24d. o8m. : : T. 48d. 28m. + . T. 24d. 4m. whoſe 
complement 65d. 13m. is the Parallactic Angle Nog at the ſun. 
And for O, the ſun's diſtance from the vertex, is thus found - 
As radius - S. e. leg ON: S. c. leg Ng. S. c. hypot. Oo | 

As S. god. - &. Sd. sam. :: S. 48d. 47m- . 8. 43d. om. whoſe 
oy r 


"Bt © calculate the Parallaftic Angle, at the Moon, or at a 
Star, that has latitude from the ecliptic, it will require a little 


more labour, as in the next problem. 


Problem g. The latitude of a place, ſun's place 
time of the dey or night, and the longitude, and latitude of 
Aon, or of a Star, being given; to find the Parallactic Angle 

at the Moon, er at the Star ; and its diflance from the Vertex. 


Example. 


— 
— 


5 2 à W. 


in the ecliptic, 


the 


Paralla&. Ang. 


gh. given; we and req. 
Star capella loo. 18.02. Vertical diſt. 
It's latitude —2 

en. Plate 8. figure 1. 

1- Lay off the ſun's longitude, and draw the proper meridian 
path of the vertex, the hour circle according to the 
to. the vertical circle, and circle of longitude, in all rei- 
pects as before in problem 8. 

2. Lay off the Star's longitude and latitude, as before in pro- 
* n 9. the ver- 
and & the ſtar's place. 

NM, and 9, draw a circle, and it's done. 
is A diſtance from the vertex ; and the an- 
t of the parallactic angle required : 
* finding them by Calculation, do thus; | 
. Find the place of the Nonageſima by problem 8, which 
in this caſe is N 6d. 52m. or VN. 36d. 52m. 

Seeondly, The Nonageſima's diſtance from the vertex, in this 


caſe Ng. is 41d. 32m- 1 
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| Then the oblique triangle X Kg, obſerve, 
1. The fide KN, the ftar's diſtance from the next Pole of the 
ecliptic or the complement of its latitude ; 67d. o8m- 
2. The fide Kg, the diſtance of the vertex from the ſaid Pole, 
which is equal to the altitude of the Nonageſima, 48d. 28m. 


found by problem 8. 

3. The angle Ko, the difference of the longitude of the 
given ftar, and the Nonageſima; and in this example is 42d. 
2 and is the difference of VN 36d. 5 am. and Y y 78d. 


| ir The angle K-49, the complement of the paral' 4 Ac angle, 


"ks 


ſtar. 

2 the fide g, the ſtar's diſtance from the vertex. 
rſt, To find the angle K o, the proportion by chapter 5. 
| W 5. problem g. caſes 7. in pages 134 and 135. is thus. 

As the S. of half the ſum of the ſides K , and Kg; is 
the fine SR the difference; ſo is the tangent complement of 2 x 


the angle +K9 3 to the tangent of 1 the difference pf the angles 


Kd and KXg. Then. 
2. As the ſine complement of & the ſum of the ſides Kc. and 
Kg; deduced {gem xmas Hr edge 
So is the tangent complement of + the angles Kg; to the 
22 and K>9- 


d. m. d. m. di. m. d. m. 
. As the. 57. 48.8. 9. 20 :: T. 68. 55. T. 26. 26. And 
2. As the B. 32 1a. 8. 80-40.:: T. 68. 55. L. 78. 14. They 
being ſubtracted give the angle — $1. 48: whoſe 
complement 38d. 21 m. is the para ic angle at Capella. 

Seconely, To find g the vertical diſtance, the propor. is thus 
As S. angle Kg: S. fide Kg. :: S. angle XK. S. fide . 
As S. 51d. 48m. + -S. 48d. 28m. :: S. 424. 10m. S. 399. 45m. 
The diſtance of he ftar Capella om the vertex at the time 
propoſed. 

I mi ght proceed to other Problems, and ſhew how they are 
. and repreſented in this Projection, but I leave that for 
the learner's exerciſe. 

I paſs by 0 (at firſt) I intended, which was the orthogra- 
phical projection of the globe; whereby the Moon's Appulſes 
to the Sun or Stars, and all the appearances oe. an e, oc- 
cultation or tranſit, are repreſented to the eye: 'uſetut to find 
the longitude of places, on the globe of f he arth,"a thing 
much talked of, greatly deſired, and b to be 
found, tho? 4 "_ known, d 4 believe 850 never be made 
practicable at wever, by this hypotheſis, with accurate 
tables of the Moon and Ghars Pers 3 88 
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Altitude or an Angle at Sea unto two or three minutes 5 
it might de made uſcful to obſerve for longitude, and there- 
fore it's highly worthy of our Seamen's ſtudy, but without 
ſuch Altitudes, it will not find. the Longitude unto two or three 
degrees: and for encouragement thereunto the Government 
hath by an Act of Parliament promiſed thouſands of Pounds; 
and for the Learner's help herein, I am ready to communicate 
all the aſſiſtance I can elſewhere ; for here's now no place for it, 
leſt the book (ſwelling two big) ſhould be deformed. 

And note; theſe two figures in plate the 8th, are a repreſen- 
tation of the two Hemiſpheres before deſcribed in chapter 6. 
ſection 4- in pages 166 and 167. So that in thoſe larger, all theſe 
problems might be more exactly formed, and their requiſites 
more truly meaſured ; and if the 8 circles belonging to 
any problem, ſuch as | the proper meridian, other meridians, or 
hour circles, path of the vertex, cireles of longitude, and ver- 
tical circles, to a particular time,  &c. were drawn with black 


lead, n and the Hemiſpheres 


no way damnified 

and whes toy circle — ＋ fo large as not eafily to be 
drawn, or ſtruck with compaſſes be done with a bow 
ot the length of the diameter * & * Eetlpheres; ; fuch 
well made with 3 ſcrews, by their turning, will riſe up to 
* that may (in * "OR. be Tory to be drawn- 


' 


— 


C H A P. xX S what it is, 
bow to find it, and bow to refly the compaſs thereby. 


Efinition 1. Verigtion of the Compaſsi is an arch of the Ho- 
rizon contained between the meridian of the place, and the 
vm wg meridian ; 3 it's either eaſt, or weſt, and never ex- 


— ++ A 12 
hb aviation, is when the north part of the 
part of the meridian of the 


1 * * 


— lieth eaſtward of the north 
place; dut if to the weſtward, then its 2 Weſt Variation. 
ſe ical Meridian, is a great circle paſſing thro” og, by 
Magnetical Poles; to which meridia t ever (i not 
of hindered) hath reſpea. 
moving oppoki 


4 Maguetical Poles, are two moving Ge 
—— 4 — page 7.) — in » inde | 


mor their revolutions about the poles of the 
in 18 
; and their motion (as op . 


Jom. di 
| 1612 


2 ——— — | 
28 Abe Variation of the een 


Amun 
N 


$34 nens Ip Wladgaing 6 l 


6. To find the Variation by an Amplitude, you muſt know 
the latitude of the place, the declination, and magnetical am. 
plitude of the fun. 

. Magnetical Amplitude, is an arch of the Horizon, con- 
tained between the Sun (at his rifing, or ſetting) and the eaſt or 
weſt points of the compaſs ſteered by: or it's the apparent riſ- 
ing, or of ferting of the fun from the eaſt, or weſt points of the 
faid compaſs, and is found by obſerving the fun, either at his 
a or ſetting by opal” Pom compaſs. 

8. Amplitude, is an Arch of the Horrzon, contained between 
the Sun and the Eaſt or weſt Points of the Horizon; and is 
found by chapter g. ſection 2. problem 4. in pages 199 and 200, 
which. call Go True Amplitude. 

9. If to fcretaid Amplitudes agree ; chat is, the Magne. 
tical 31 © £onlitude (which is ſeldom there is no variati- 

44, their difference rightly counted is the va- 
+ : If you always count both Amplitudes from the 
No + chen ths Þ 6 Genoa Rake. Bis 
ar fun ring Jy e | Ampltade went, the 
| Vatiationis 5 En bue at Sun ſetting it's Trae 

_ and the * — 
eaſt 33 itudes eaſt 
| 7 ages , then counting both theſe from the north, 


Amplitude will be north. 57 degrees caſterly, and the 


Meagnetical north 53 degrees eaſterly ;-the Magnetical is the 
greateſt, and the difference is x6 degrees, which 1s the Varia- 
tion 


weſterly : if 298228 the Variation 
woul#then be eaſterly. 

| ——— 
[ northerly, and the Magnetical A welt g degrees 
inorth Fe amt the Mag the True Amphtude 
wn 0 


a= r IFRS 
— — or both deb mer differ- 
by "ariation 2 "but one north, the other ſouth, their 


(before your from if the 
li en N. 
pu eat; wer when 19 the bird, then Ab 


will be exemplified in the Mee and N 
Pro- 


- 


—_— 


. 


2 
— 


era t 9 K. FI FIZ. BY 
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True amplitude EF 33 
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5 egos ee R 


8 * 1 e. \ 


ſun's declination _ 


To define the — 
ee W. N. E. and, (but always) A at the right-hand, and A 


at the center of the circle. 
2-Lay the lat- if forth 4 from & f upwards 0 FFP. 
nd the ame wap a from W. to /E, and draw the, ants FRA, 


— | 

BY Ering d he heed of the declination on the 
* he the equinoCQtal, dence the plot dla es hw 
rallel to it, a the Ui ait line Ce, to cut the horizon SAN, in C, 
the place of the ſun's riſing, or ſetting- 

4- Meaſure AC on the line of fines, ſheweth the ſun's true 
cnglance north, if the declination be north : but ſouth when 
the declination is ſout. 

Draw the line CF, parallel to WAE 3 when its 
* but upward if it be P. M.) N primitive circle in F. 


6. Lay the magbetical ampl. if db. Mc J from {to 
G, r but to- 
wards 8. when it is ſouth. 

7. The diſtance from G to N, laid (the ſame w; ee F to 
Falſe North, which is now the north point of the compaſs, and 


it's done- 
. For the, diſtance from' N to Falſe North, meaſured on the 


Scale of Chords, is the variation required. 
_ To find the true amplitude, the proportion by chapter 9. 


ſection 2. problem 4. in 200, is thus; 
. c. latitude -: Nor clas S. © araplit: 


EN rr Nm 833d. 40 * 
d. m. 


40. EN. oe NP'( 20; njrth 
EG 10 * EN or NG 3% $0 with © 
28 gives the variation to be———16 36, wel. 


+ #44 


236 Yariation of the Compaſs by an Amplitude. Chap. X. 
Haſw. The true amplitude is 13d. 42m. eaſt northerly, found 
by the foreſaid proportion, by which the Variation is thus found. 
» 1h 
True am ade EF 15 — EN. or NF 76. 18. N. eaſterly 
— —— EG 25 10. ES. or NC 195. 10. N. eaſterly 
SubtraQ, gives the Variation to be 28. 10. welt 
The following examples are for the learner's exerciſe, and 
are wrought by the foreſaid directions and rules. 
Example 3 d. m. 
latitude— — 13. .- 
The Jeane 15. 40 ſouth | given; var. required. 
amplitude 9. 125..PM, 
* 9 foreſaid rules, it's as follows : 


d. m 
True amplit. WF 16. * W.S. or NE. 106. 96 N. 8.2 


93 
| 6 1 


6 
The 2 ſun's declination 19 50—— "of given, variat. req. 


magnet, amplitude 5 15 P. M. 
Anſw. The Variation i why 25d. 47m. weſt. 


1 —21 JO 
The 2 fan's declination 17 36— f 2b 
magnet- amplit. 10 19 ſouth P. M. 
4 . + 1 Variation is * 39m. caſt. 


1 latitude a4 30 fot | 

The - ſun's declination1Þ 12 north Seen vai required 
_— amplit. 9 50S.A.M. 

-Hnſw- The Variation js 30d. o6m. weſt, 

Secondly, To find the Variation, of the Compaſs by an Azi- 


g 
1. Magnetical Azimuth, i is an arch of the Horizon 2 
— — and the 
Or it's the apparent di 
point of the C 3 
, “either 


when he is about g or 10 degrees hi 
2. Azimuth, is an arch of the E 
— T ex the er Ang: and is found by chapter 
9ſeQ. 3. problem 1. of Aftronomy, in pages 212 and 213. 
If the ſaid azimiths agrpe ; that 1y, if the True Azimuth 
and Magnetical Azimuth de ade) * 


— 


— + 
* 


As 488 FAS. 


Chap. X. Variation of the Cmpaßn by an Azimuth. 23) 
differ, their difference is their vari tion hich, rightly 
32 this general rule. 6 Re 


Reckon always both Azimuths — as I ſaid for amplitude 
in page 253-) from the north. 


In the forenoon the J ue } azimuth cm, the 


magnetical 


variation is — cat) bot in the afternoon its i 


Example 1. In the forenoon, ſuppoſe the true azimuth from 
the north to be 80 deg. and the magnetical azimuth at the 
time to be tot degrees, the magneticaf is the greateſt ; and 
their difference 21 degrees is the variation of the compaſs weſt- 
erly z but eaſterly, had it been in the afternoon. 
Example 2. In the afternoon, let the true àzimuth be 1 Tf. d- 
grees, and the magnetical azimuth 101 ws, their difference, 
14 degrees is the variation weſterly, but "bad it been in 
the forenoon. 
Or thus, by the rules following. 

1. Always count both azimuths from the north, f in north lai; 

tude ; but from the ſouth in ſouth latitude: - 


2. The leſſer azimuth ſubtraQ from the greater, gives the 
variation. 

3- Placing both the . (before — face) from you, ir 
the true azimuth be to the right-hand of the magnetical, the * 
riation is eaſt. But if to the left-hand the variation is weſt. 


Theſe rules will appear plain, in the working the examgley of 


the next problem. 


Problem 2. The latitude of the placr, the ad s altitude, fan's 
| declination, and his magnetical azimuth geen, to find the vaxi- 
ation = of the compaſs. | br: A 


Example 1. 


| latitude — 51. 32 north 712 
altitude — 11. 30 A. M. given : variation re- 
The 5 I, I5- 10 north bor quired.” 
azim. 101 · 10 north 

To delineate the Problem Orthographically, plate 9. fig. 2. 

1. Deſcribe a circle, quarter it, lay off the latitude, draw the 
equinoctial, axis, and parallel of declination; in all reſpects as 
before directed (in problem 1. page 235. — an ampli- 
tude. 

2. By laying the chord of the ſun's altitude on the primitive 
circle — 4 the horizon SAN ; draw the parallel of altitude pa- 
rallel to the horizon SAN; as the line Cb, to cut the parallel 
of declination d Ce, in C; the place of the ſun at that time. 

3. Draw C h parallel to WA E, downward when its A- M. 
but upwards if it be P. M. till it meet an arch (made with half 


the parallel of altitude) from the center (of the primitive circle) 
A, and cutteth the ſaid arch in h. 4- By 


238 . WS bros dom Chap, x. 


By A and h, draw line, to cut the primitive circle in F; 
4 . or SF, c 


ſan's true azimuth. 
5. Lay the magnetical azimuth ler — 
8 (towards 1 — | Keen 


primitive cir. dA þ tomprds K. 4 800 


6. The diſtance from G i N, laid (ihe ms way) from F to 
— 41 which is now the north point of the compaſs and 
it” 

For the diſtance from Ni to falſe north, meaſured on the ſcale 


of chords, is the variation of the compaſs required. 
Then to find the true azimuth, the propernen by chapter g 


fon e 1 in pages art and 213. i thus 2 
| m, 


90. oO 


2 * 

1. 3 N. Oat 9AM. e ho 

Compl. latitude 38. 28}Com © alt..78. 30 © diſt. fr. pole74.50 

ag d I 
TS S. 78. 30. : * 


« Tor N 


$.95. 25: 54-5 ere 


— . IF 8. 


E 


ear (af S. c. lat.:: Te Olk at 4th fine 


god. 8. 76. 50 :: 8. 7a. 108.67. 58. 


 $ Then again, 
The 2; ſum — 127. 59th fine *- S. ſum: : S. rem. - a «th fine 
The remaigder is 21. e 48.8. 127. erb ar de 


A 


DE N 
| 90. 00 90, 00 go.” 60" 
titude — _—— N. ©'s alt. aue — 
. latitude 76. ED alt. 72.10. Q's diſt. fr. 59 


745. 
And 


* wh e 


© © 
4 


iet 7 > F > er 


And again 8. 17.45- on the verſed fines, is the | 
0” true azimuth, — — 113d, gom. north eaſterly. , 
o' magnet azimuth — — 90d. 10m. north eaſterly. 8 
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RN. oF 7 


Example 3. d. m. | 


= latitude — — —28 40 north) k 
The © 

to 

nd + | Aer 

3 , b. [i 

ale 

9. | 

9 35 ren 

00 altitude — 25 to FM. given; | varidtion. 

N. declination. —23 30 h + required. 

5 magnet. azim-100 20 ſouth ar 

ine 20m. welt. ": - 

33 1 ö 1 


declination — 20 15 north C 
magnet. azim. 115 4@ ſouth | 
r bh ook ons a. Wor RT 
But the variation be found moſt readily by an inſtrument 


called a ReQtifier, wh 82 ; | 

This inſtrument conſiſteth two » Which are two Cir- 
des laid one upon another, and fo together in their cen- 
ters, that they two compalles, one fixed, the other 
moveable; each of them is divided into the 32 points of the com- 
paſs, and 360 degrees, and numbred both ways, from the 
north, and from the ſouth ; ending at the eaſt and weſt, in 90 


The fixed Compaſs, the horizon, in which the 
north, and all the dy 
moveable. | 


22 — 18 20 PM. wen: iati ; 5 


3, repreſents | 
poings of the compaſſes are fixed, and im- 4 
' . | | N. 


— 


The moveable one, repveſents the mariner; ny ab 
by, in eh the north, r 


tion. „% n ere 
ſs, is faſtned a filk thread, 


In the center of the moveable 


compa 
long enough to reach the outſide of the fixed compaſs; but when 
its made of wood, there is an index inſtead thereof : the uſe 
is as follows. "TON O / 
201167" BG To fd ihe variation bythe Refer. 

Note Thoſe de numbred from the north, aud the fouth, 
towards the caſt, termed the rig i aun the others to- 
wards the weſt, are called th&Tftchand; 7 

| | | © the true” 


compaſe, and which way 
Place . the right-hand in the moveable 
- cl; to $74. (from the north) on the right hand in the 
immoveable compaſs; then the north point of the moveable 
compaſs, will ſtand at-16d: of the left-hand in the immoveable 
b — ne 


1 be 80 de- 


Daa. 2. In the's) 
. the north, and the magnetical 101 degrees. NM bat is 


of the compaſ?, and which way? 
frony the north : that is 1 frm the ke 


ſtands at 21d. on the right-hand 
in the immoveable compaſs, which ſhews the variation of the 
_ compals to be 21 rr 

Aways counting amplitude at — and azimuth in the 
forenoon, to the right-hand, or towards the eaſt; but at ſun- 
ſerting, and in the afternoon, count them to the left-hand lo- 
n 

de Te puts the our fe by ths Rr: 

This propofition hath two'caſes. | 

any The . e and the courſe ſteered, 
ven ; to find the true courſe. 
. Taps the Variation be 21 degrees eaſt, and the 
— by Compaſs is N. E. by N. demand the true 
courſe, the Variation being allowed. 
MAY Place the north point of the moveable compals to 21d. from 
the north on the right-hand, in the immoveable compaſs 
2. Lay the thread or index (which is faſtned in the center) 
over the N. E. by N. point in the moveable compaſs, Keeping 
it ſtraight out ; then in the moveable compaſs the thread or in- 
'dex, will lie in in 56 degrees, or near N. E. by E. which is the 
true courſe required. | — 


/ 


Plate oth to front Page 240. 
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2. The Fariatiam 14 deg. weſt, and the courſe by the 
ES.E. I demand the ſhip's true-courſe ? 
. Place the north in the moveable compaſs, to 14 degrees 
in the immoveable. 
— retch out the thread, or index, over E. S. E. in the move- 
and it. will he on 82 degrees in the immoveable compaſs, 
by S. E. the true courſe required. 
2. 9 the compaſs and the true courſe given; to 

2 

Example. The Fariation 21 deg. eaft, and the true courſe I 
ſbould fleer is N.E. by E. What courſe muſt 1 fleer by the compaſs, 
to allow the variation. ny 

t. Place the north in moveable compaſs to 21 degrees 
eaſt in the immoveable compaſs. 

2. Stretch out the thread over N. E. by E. in the immoveable 
compaſs, and then in the moveable compaſs, it will lie on 35 
degrees, or near N. E. by N- the courſe you mult ſteer to allow 
for the variation of the compaſs. 

Here t thought to deſcribe the azimuth compaſs, and how to 
obſerve by it; but conſidering its an inſtrument eaſily underſtood, 
that diſcourſe may be ſpares | 


Chap. XL. 
Ex 


weſt, 
2. 
able, 
or E. 
Obſ. 


— 


— 


CH A P. XI. Of an 8 either of ſun, or 
ar, what it is, bow, or with what, and when "tis 
_ _ and finding the Latitude there 

N Obſervation, is the finding WP ſun's, or ſtar's 

meridian altitude (at fea) with 2 quadrant, or with a 

croſs ſtaff. 

2. Meridian altitude, is the height above the horizon of the 
ſun or ſtar, t being upon the meridian of the place of ob- 
ſervation ; A — ä ů — at noon, but the ſtara 
at different times, accordin 5» 5 >= ge their ſeveral 
— the furs ig 

is an inſtrument — the ſun's title 

RE her J is found. 

4. A crofs-ftaff or fore-ſtaff, is an inftrument whereby ma- 
riners find either the fun, or ſtar's altitude. The particular 
deſcription of _theſe inſtruments I it, having done it 
largely in the Mariner's Compaſs refiiggd ; to which book I 
refer the learner, and will now ſhew ho to find the latitude 
after you have obſerved, which is called, working an obſerva- 
tion, and that in this one propoſitions 
1 | The Meridian Altitude of any beavenly id and 
mation given ; — 1 of . 
vation. . 7. 3 


293K „%½! 0 


2 1 


In this n are two CON | 
Caſe 1: Where, or w the Meer obferved doth both riſe and 
fet in 24 hours, the rules are theſe. 

Rule oY e meridian altitude, and declination of one kind; 
that i, both, north, or both ſouth ; the difference of the zenith 
diſtance, and the declination, i is the latitude required. 

Note, When the declination is ter than the zenith diſ- 
tance, the latitude is of the ſame name; but if lefs, then of a 

trary name to the declination. 
m Rake 2. The meridian altitude and declination of contrary 
: that i is, one north, and the other ſouth. The fum of 
* zenith diffance, and the declination, is the latitude required 
he ſame name with the declination. 

— 1, By meridian altitude ſouth, I mean the object ob- 
is e the ſauthward of the obſerver; and when north, 
to the northward of the obſeryer. 

2 By zenith diſtance, underſtand the complement of the 
idign altitude, of object obſerved. 

e On the 20th of May 1731, the fun's meridian 

altitude 2 Ohm. ſouth ; and his declination 21d. 54m- north, 


what is the latitude of the place of obſervation ? 


d. m 
The ſug? s zenith diſtance . — <2 ſeach 
Son d deslination — — — —ů — 21 54 north 


r 46 north 
Example 2. On the 1 of July 1731, Hos — 
being 11d. Som north, and his declination 22d. 58m- north. 
What is the latitude of the place of obſervation ? | 


From the fun's declination —— -————— — FEW 
SubtraQ&the ſun's zenith diſtance 11 80 north 
The remainder is the latitude required ii 0 north 
hes On the 3d of June 1731, the ſun's zenith diſtance 
15m. ſouth, and his declination then 23d- 17m. north. 
e 


To the fun's zenith diſtance —29 15 
| Add his declination — q — — 2317 
The em rule 2.) is the latit. required $52 32 north 
ge « 0 x On the 2oth of March 1731, the ſtar Fomelhaut 
ſerved, and his zenith diſtance 20d. 17m. north, this 
31d. 19m. fouth. — 
2 | 


| 2 (in ade 
eee 


Te the Gen N 17 2 not 
the — pa 3119 
Add the flar's declination——— N 
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2 
The ſus i 8 — ki 
Example'g,. The — Neck 7731, the foor e 

c 

ern voyages, being obſerved, his meridian altitude w 


ſouth ; this gare declination (in 164) is 64d. fon 
What is the e of the pls bene, 98 
m- 


From-eis Craliers dancin — 6 is ſouth. 
SubtraQt his zenith diſtance . 41 $4 fouth 
The remainder is the latitude required. 19 21 ſouth 
Cale 2. Where or whon the objeti objett obforved doth neither riſe wor 
24 baurs ;  thet ir, doth nos in the diurnal mation, ave 

below or under the horizon. 


Note 1. In fortie parts of this earthly world, bath the fun and 


and 
at 


ſtars do Hot rife nor ſet;, but ae above the 2 
the meridian of the ſame place twice in the ſpace 
and this ſaſteth but far ſoihe part of the year with the in. hor 
always with ſome ſtars. 
2 Where the ſun, or a ſtar, doth neither riſe nor ſet, it 
rr under the pole; and then 
its at the leaſt merĩſi 


Nate 3 e places come upod the nei 

both bens ind gin chare the pate ; that is between * 1 

and the po; and then it's at the greateſt meridian alt 

1 — Ae erence 

and alſg- above the „it's always to the. notthward, bath 
{| meridjan altitud 9 


Ain, ere 8 
to W - and 26 

3 be 80 and affo to the ſouth» 
— * and helow the ole; and to the northward beer the 


TIO 

the. ſun cometh. to the meridian bejow, of a 
lar both above and Below the pole, the latitude of that plate 
if of the fame name, ah the fon, of ſtar's declination :. that Is, 
K&clination be north, the Jatitude of the place 
is north; but ſourh, N 

Note 5. Fer theſe ſtars, which) pever come (t lun never dortr 
come} to the meridian ahoye the pole, at hob eareft meridian 
utitude, the former two rijles ſhtveth fot to fd the latireds- 
. | wi 


an altitude was obſerved to be gd. om. this ſtar's 
(in page 164 ) is 15d. 30m. north; what is the latitude 8 


is 4 


place of obſervation ? 1 A m. lein 
To the complement declination — 74 10 north 1 
Add his meridian altitude — 99 10 vrun 
Eb. Jt 25h 173 the fp of ti Gre — 
25 1731, | . 
„5 wok, „ ee 25m. wind, 
the dechnatin ofthis tr (im page 16g) is $19. 19m: ou To 
T'demand the latitude of the place of obſervation ? _ 
| per, 


meridian altitude was 56d. rom. this ftar's declination is 63d. 
20m. north: wid is the BOG OO? 


From the ſtar's meridian: altitude above the pole 86 10 
Sabrac the complement of his declination ©"26-30 north 
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a in it; 
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re, and many dear lives, and thence the impoveriſhing 


fa = 


the of feveral 

Then certainly, it ſhould be their great concern, to be expert 
be. r 
| his when ſo great a truſt as men” r 
ace them, that fo, by a knowledge of, and a conſtant prac- 

gn exaft Journal, they may not bear the 
It Navigator, but thereby prove them deſer- 
de. which, 
1di- 
Ion 
the 
th 
the 

2 e @b-otng ns, the 2 


irft, 3 
Yr, Ia lex in bo ruled fikethe Lon. D 
8 each page: y 
mas may be marked or noted ut the head of 


each c letters thus; 

H Hour under i are the hours of the Gay | 
- ws, J n out that day. 1 
C | reed that day; 
W. (Wia, which have blown that day, &c. 
Secondly, Rule 12 lines croſs the foreſaid 5 columns, and fo 
far aſunder, that on occaſion may write two lines of writ- 
ing in the f between Ds Gan wil the one che 
ing 


L 


b 


* = * 
, wa 
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ags How to keep a Journal Chap. XN 
; Under theſy 5 columns let there be ruled 22 ſhort 
9 which may _ up the whole breadth of the ' of 
the book; Theſe may be entitled as in the journal 
this difCourſe, (in pages 853 end 253) 2 og 
ther en 


— 


8 


—— each page thereof 


departing, r — 
which may be dope thus: in the top or head of the firſt page 
of the. Journal Book write the title 1 after tbe 
form immediately before the Journal in page 7 
. And now the ook 5 — e wie in- 
| hat's keeping a Sea reckoning, after this manner. 
after the title, (write in the blank ſpace 
th column for or the wind, and the fide of th ook) 


part wah + 4 iu 


| * 

Log-Board; which containeth. the Ship's 

. run by 122 what winds luv 
blown, what Sails handed, and when. 

4- Jn the want ſpace of the right-hand of theſe 5 columns 

takes up more than half the breadth of the book) expreſs 

_ tranſaftions of the day, as Winds, Weather, Currents, 


the Sea, handling of Sails, meeting or parting wit! 
Shi Se Leah e d. Men, variation of the carp and all other 
Actidenits and Occurrences whatſoever. * 


3. Then correct the ſeveral courfes, dy allowing for Leeward 
ad bring Currents and Variation, *accordin — . — 


them into one courſe (by — ro 22 
e $ bt.) by which Jos wi the ſhip's 
difference of n — 


being —— down i in the columns bearing thoſe titles, then (b chap- 


4 Some 3- Paal rule 3. % page 55.) find che Latitude 
Thi is in, and fer that n proper column 5 and laſtly, (by 
chapter 4- fe &lon 3! problem 5. in pages git and 92. Alſo chap- 
ber 4. ſection 2. problem 5. page 86, of Mercator's Sailing) find 
the langitude the ſhip is in, and place that in the 12th and laſt 
column ; ; and thus you finiſh that day's werk. 

Fav Leeward, or Leeway, the allowances are fuch as in theſ 
8 caſes following. — wu +1 3 * Fa, 


* . F 


18 


* 
I, 
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Way. 

Neenaiy, The wind blowing hard to cauſe one Top- ſail to be 
taken in ; allow two points for Leeway, | | 

Thirdly, When it blows fo hard that both Top-lails are taken 
in, and the ſez runs high; allow then three points for Leeway. 

Fourth/y, the Fore-ſail being furled, and the ſhip try under 4 
Main-ſail and a Miffon ; allow four points for Leeway; for ſhe 
wen Nen end before the Beam (as the 
ſea phrale is. | 

Fifthly, When the ſhip trys under a Main- ſail only, the then 
makes her way near three points before the Beam; that is neat 
five points for Leeway. | | | 

Sixthly, If the ſhip trys under a Miſſon only, her way is about 
two points before the Beam; that is, allow fix points for Leeway. 

Seventbly, When the lies a Hull; that is, with all her fai 
furled, her way is one point before the Beam, and then feven 
points in her Leeway. _- ad be n 

Eighthly, If the wind hath blown hard at WS W. and made 
the ſea run high, the ſhip ſtemming ſouth, and the wind ſhift. 
ing to ESE. then whilſt the ſea continues to run high, it ſtrikes 
the ſhip on the Lee-Bow, and abates the Leeway. , 
Note, In all thoſe eight cafes, teſpeft muſt be had to the 
{moothinieſs of the water, or the ſea's running high, and then 
the allo wanees may be rectiſied with the greater certainty, by 
ſetting the ſhip's wake by the quarter of the s, placed 
3 quarter, which is uſually ſet there for 
that purpole. Rn ua 

oe Hife@tons, with a conſideration of the ſhip's 
Sail aboard, ſtreſs of Wind; and growth pf the fea, being put 
into pructice, wilt fo improve the Young Navigator's judgment, 
that he'll ſeldom fail of making a true allowance for the ſhip's 
leewa * "b p J — * 0 

6. After c manner are you to proceed every day from noon 
to noon, len is the beginning and ending of the day aſtrono- 
mical, the d#y by which the Mariners keep their ſea-reckoning. 

7. Remembring always to obſerve for the latitude, when 
opportatiity prefents, either by fe or ſtars z that being the chief 
thing to be depended on, and by which the reckoning is con- 
firmed or reQtified, which is the next thing to be treated of. 

8. Whien the latitude by account agrees with the latitude by 
obſervation, then is the reckoning confirmed, and you are ſure 
its ke c well. | Ao fl 44 

9. But if they diſagree, then either the ſhip hath out- run yaur 
reckottifig, ot your reckening hath out- ua the ſhip ; and there 
is fine erro?, either in the courſe, diſtance failed, or both of 

> <a a them; 


r 


. 


rr EEE IE 


— = * 1 
9 
— — — — 
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of 


run the reckoning 
_ out-run the ſhip.” 


-T I 4. . latitude, ſai 


UPTO ny, * 


How t keep @ Journal. Chap. XII 
them; now to find where the error lies confider whether there 
be a current, or no, 

A IET © orient, wy 1 and God which wer © hrs 
and how faft; and by that correct both courſe and diſtance , 
and if that makes the reckoning Latitude to agree with the ob- 
{ſerved Latitude, have then truly corrected the reckoning. 

But if you, only by fome probable reaſon conjecture there is 
a Current, then give what allowance you think meet to the dif- 
ference of Latitude, and departure, and ſee if that will reform 
oning latitude, that it agree with the obſerved latitnde; 
if ſo you have gueſled well (for you muſt ever keep to the La- 
titude by Obſervation that being the principal thing to be relied 
upon) but if it will not agree with the obſerved Latitude, it's to 


be ſuppoſed that there are 1 — 


17. When there's * get nor any Variation, or if there 
either or both ; — — according to art 
and reaſon, — yet they wi not agree with the obſerved Lati- 
rude ; then there is an Error either in Steerage, or in the Log, 
and to know in which it is, take this 

| General rule. 


Dope on je Ele greater, the Error is in the} 


Se 


12. When there is an Error in the courſe ſteered, you muſt 


lafter the allowance in the back and 466k cules Have bang mode) 


then only correct the diſſerence of Jatitude and ſo make the 


reckonin latitude to agree with the latit obſervation, 
and the work is done. OY 
_ But when the error lieth in the log, the diſtance is faulty, 
and this is that which moſt uſually makes the difference between 
the obſerved latitude, and the latitude reckoning. np Boren 
are two'caſes, | 

| Caſe 1. In north latitude ſailing towards the worth, cad is 


latitude, towards the 
If the elena. the-greater, then hath the ſhip out- 


reckoning; but if it de the leſſer, the reckoning bath 


Caſe 2. In north latitude, wile toward: the ſouth, and in ſouth 
ailing towards the north. _ 
If the obſerved latitude be greater, then hath the reckoning 


A but if it be the leſſer, the ſhip hath out-ren 


_ When the thip hath out-run the reckoning, then is 
reckining woo! kinks; and the difference between foe the 
pk Con nt dee ere, 
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depa 
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15. Renn bath out- run the ſhip, then is 
the reckoning too great, an d 

ed latitude and reckoning latitude, muſt be ſubtracted from the 
north or ſouth columns in the reckoning ; and fo doing its cor- 


rected 

16. To corre the departure (the eaſt, or weſt column' in the 

reckoning) when the error is in the diſtance do thus: add up the 
N, S, E, and weſt columnagrom the beginning, if it be the firſt 
error ; otherwiſe from the laſt error, or from the laſt obſerva- 
tion to the day of the preſent error ; in order to find the differ- 
ence of lati © any eperture ; 25 was ſerved bo efiling wp the 
columns in a traverſe. 

And then the proportion to find the error or correfion in the 
departure, is thus; 8 

As the difference of latitude, is to the 

So is the correQtioti in latitude to the correQtion in departure. 

Note, Correction in latitude is the difference between the ob. 
ſerved latitude, and reckoning latitude. 

The correction in departure muſt be added to, or ſubtracted 
from the eaſt or weſt column in the reckoning, according to the 
14th and 15th rule aforeſaid ; and fo the departure will be cor- 


r 
17. To correct the longitude do thus ; find (by the Table of 


Meridional Parts) the meridional difference of latitude, between 


the obſerved latitude, and the reckoning latitude, and thed the 


ion is this: 
As the correction in latitude i is to the correction in 


So is the meridional difference of latitude, to the corre&hion 
of 


computation of longitude 
„if the longirude, and its 
L. IAN Loh nal; ca but one eaft, and 
the other weſt, ſybrraQ, and the longitude is corrected. 

n 3 
ing, and ed Vorsge „ will alſo give 
an example of a 223 Voyage from the Li- 
zard towards Barbadoes ; that the foregoing rules may be the 
better underſtood. 

And althoꝰ this following Journal be but an of ſeven 
days, being ſo that this book t not ſwell too big 
(yet it may be of ſufficient intelligence to a diligent reader] for 
theright underſtanding this method of g, and 


a Bu Journal pct ite following — 


compared with the directions; 
mies as if the whole ſeries do hate 
would . and its. 
Having 


ifference between the obſerv- 


b 0 - 


_ . 6h me _— n 


Having been nr 

which cannot be * 1 one 2 1 4 error in the — 

Half-Minute-Glafs be rectified; I think it neceſſary 

ſomething of both. 
The manner of 


Engliſh Navigators) is 
ought not care to be 


1 en, or 42 feet, Cenve kno 
on the Log-Line, which is 
Dre ich) paces a 
miles) make a that is a degree contains 
and mile (or minute) 5009 ext, and becauſe 

| an hour, and the 1 

feet, the meaſure 

-line. 9 


ar 
allow 568 . TIC! 


„ and gre» go! ect of v , 


. N 
b any other. "OY he 
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prees, every ſwing from the forefaid perpendicular; then each 


Minute 7. 
| met of any form or 5 2 one 
end of Thread, or Sitk-firing, that +5 385 tnehes long, and 
at 1, - >= loop br nooſe, to hang it on a fmall pin 
freel 

y 


in any place, ſo that the plummet may ſwing 


Then the loop of the String being hung on the pin, the 
String JIE inches from the center of gravity to the centet of 
notion; this is 383 inches from the end of the loop to the 
ST oy Fay ere 


bf thoſe Swings ſhall be = trae ſecond of time, and 30 _ 
eye counting the Swings both forward. from, and back- 'Þ 


ward to the ular, ſuppoſed to fall from the pin where- 
on the ſtring doth hang: for half a fecond of time is meaſured 
very time the plummet palſeth from the perpendicular, to it's 
molt Twing either ways. — 1. 
Bur when The thip hath any confiderabte motion, make the 
firing 7 inches thorter, and there make a knot to hold it by, 
— your finger and thumb; then by the motion ef the 
cauſe the plummet to aſcend to an angle of about 60 de- 


ring ſhall be equal to thoſe before- mentioned; fo that by this 
experiment, you may meaſure a ue Half Minute of Time, 
— 2 Glfs, _d by examine the truth of any Glafs. 
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* towards Barbadoes. 253 
» I January, 17 en 
t bear north about 18 e 
ve variable winds, freſh gales, cloſe hazy rainy — as 
— 


In company wich the Succeſa, E. F. commander bound 
for the Eaſt- Indies. IE 


'& 17th our Courſe and Diſtance made good this day, I 
make WSW. 137 minutes, with latitude, meridional diſtance, 
and longitude : 2s per Columns underneath. | | 


d. m. d. m. 


Lat. by Obſervation — — Variation. — — —12 25 W. 


| Depart, in _ Va. | Latitude by 
* Ky eg nnd mas. SS | XY 


1893 —·:d i — fich doubled (is min. 159.5. 


Our courfe and diftance I judge to be SW 
minutes, with latitude, meridional diſtance - 
the Columas underneath. : 


longitude as in; 
15 ; = 


Declination — — True Ampl. & 4 
Lat. by tion — Variation 4 
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being attributed to the SSW 


Lat. by obſerva. 45.07 M. 


pre ic, which bo 
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FE Set m main in top-fail 
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About & this morning we ſaw a ten cur fardoced quiney 
A 


Dun courſe and diſtance made good this 24 hours in 8 g1@ 
- or SW by 8 W. 138 minutes, with latitude, meridional 
itude : as here under, 


d. m. 
Magnet Amplitude — 35 25 ES. 
pitrude”” — 23 30 ES. 


9 


. 
Chap. XII. 
= = a N 


8 
© 
= * 
* 9 . + * P , 
w* — — 

* * % 

* is, , 

 *® - - 


The 6 


2, clear weather; intermixt with 
ſmall ſhowers of ram, freſh Wi 


uu © PO 


-- 


About 6 this morning we ſaw two ſails on our larboard-bow, 
— were Turks men of war, who chaſed us till 
ſun ſet, could not get upon us} then they lay by, ſo we loft 
fght of them. cha 


. 2 = dm. 
— ay ry $655 19986 


— 
. 


T 
-E 


— — — — 


3 


The 2xd of January, 
. fon after 


1732. freſh gales, uncertain weather, 
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1 Depart. in min. eee by | Meridional | Longitude by 
account in Diftance in i 


he 
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Þ The 234 of Jatwary, 1532. freſh gales with ſmall ſhowers 
of rain, a great fea from the NNE. * | 


Since the igth inſtant (the laſt day of obſervation) to this day 
I ind we are more ſoutherly 34 minutes than by account; and 
(with m7 to the NNE fea) more weſterly 14 minutes in 
meridional diſtance, which makes 17 minutes in longitude. 


Our courſe and diſtance corrected by a good obſervation ind. 
4d. 35m. W. or $4 W. 178 minutes, with latitude, merigional 
diſtances, and longitude as here under. 


d. m. d. m- 
Zenith diſtance 53.02 8. Magnet. amplitude — 17.49 WS 
Sun's declinat. 16.40 8. True amplitude — — 31.00 WS. 


Lat. by obſ. —36.22. N. Variation — — — 1320 W 


—  —__ —wh—ÿF — 


1 * deg. and min. and min.] deg, and min. 


»„— — 


686.56 North | 09-03 W. | 18.44 W. 


00.34 8 00-14 W. | 00.17 W. 


— —— — —— — — — — — 


* 


36.22 N. 09-17 W. | 19-01 W. 


— — — 
— — 


— 


—— Q—f 


« * 


266 The Fournal Beplained. —_— 
The explanation of the 
N this Journal in the upper part repre baia n book ter 


are fivecolumns, and in the lower part are twelve co- 
 lumas; all which have been deſcribed in 7 che ang am. 
ately before the Journal (in Page 24 , The buſineſs now 15 to ex- 
n the manner of proceeding in this Journal, and that'is thus: 
the firſt page of the Journal (in page 252) contains the log-board 
for the Fed day after our departing the Lizard, which was © 
the e6th of January 1732, at noon, the Lizard my Kg - 
nutes, diſtance, &c. as in the Journal (page 252) rn 


Sunday 11 But becauſe the wegk day is exp 

Manda D racer, which may not beunderſtood by —＋ one, 
Tueſda 3 (tho” its convenient ſo to write them) you have 
Wedneſday] g here the week days with their characters. 
Turſday r And becauſe the Lizard did bear north 18 mi- 


Friday 5 nutes diſtance, therefore make the courſe ſouth, 
en. Hh h and place 18m. in the column, under diſtance, 
&c. then the difference of latitude is m. which accordingly 
place in the ſouth column, and ſubtract it from the Lizard lat. 
od. oom. the remainder 49d. 4am. is the lat. the ſhip is in, at 
parting ſight of land; which — gy is placed in the co- 
lumn under the lat. by account, &c. And in the laſt column, 
becauſe the eourſe is. fouth, place the longitude of the Lizard 
5d. 24m. weſt, and all that day is done. 

Then from the 16th day at noon, to the 17th day at noon, 
you have the ceurſes and diſtanees for every two hours; with the 
wind and weather, as they are taken from the log-board; as all 
other circumſtances attending, are there ex 5 for the parti- 


culars whereof, I refer to the Journal it 252, The 
ſeveral courſes and diſtanges £ this ne 7k bet uced to three 
courſes : thus, the work of ) the of 8 2 732. _ 


A in the preceding 


andly, a 
That is W by N 
My, ie SWby W 
8 Theſame| 


L 


p 
That is WSW. 106 


Difference of latitude 574 As 


p 


Tr 
= ©. 
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Chap. XU. The Journal Explained. 267 


enn (S-Wly or WSW 
m- 1. 127. >> 45 * 14 om. y 
2 ee 

As 8. 68d. oom. . m. 127.4 % 5. god... m. 137.4. 

So that the courſe made » is 8. 68d. com. weſterly or 
WS W.-neareſt, and the di 137 min. 4 tenths; which 
place in their proper columns, as may be ſeen in the firſt day of 
the al, at the foot thereof in pag 252. 
difference of latitude m. 51 {£ (or neareſt 51 minutes) 
being ſoutherly ſubtract from 42m. the latitude at parting 
ſight of the land, the remainder 48d. 51m. place under latitude 
by account, for the latitude the ſhip is now in. 

Again- The departure 127 & minutes being reduced to de- 

maketh ad. 07m. weſterly, which place in the column un- 
Ea diſtance, &c. in 253. 

Laſtly, To find the longitude the ſhip is now in, you have 
both latitudes 49d. 4am. and 48d. 5 1m. the preſent latitude, and 
the latitude of the day before, with the departure min. 127.4, 
by which is found the difference of longitude according to chap- 
ter 4- ſection 4. problem 5. of Mercator”s failing in pages go, 
and gi. where the proportion is thus: | 

As the difference of latitude is to the departure; ſo is the me- 
ridional difference of latitude to the difference of longitude. 

| d. m. min. 8 | 
© 16 49 42? : 3447 in the table 
D 173 22 14 #7 J merid. EK 8355 of meridional pts. 


The meridional difference — 78. Then ſay, 
As tm. „ m. 2. :: m. 78 193m. or 3d. 13m. wefterly, 
which being added to the longitude of the 3 5d. 24m. 
the ſum 8d. 37m. W. is the longitude, which place in 
the laſt column of that Journal: then the day's work is finiſhed. 
Then, from the 17th day at noon, to the 18th day at noon, 
ho the two next pages of the Journal) the courſes and diſtances 
every two hours; the wind and weather with other circum- 
ſtances attending, taken from the Log-Board, are ſet down; 
for the particulars, fee the Journal in pages 254 and 255. 
c of this day are reduced 
us: 


| The work of & the 18th of January 1732, the ſecond day 
failing ag Feder Bn Bt abt g 28 


ria, 


That is WSW. 108 2 t is 8 W byW —278 
2 that the 3 of this day — ks WON coke 

m. 23.6 SW by W. ny, 27-8, pter 3. tection 
of plain failing, Ay Ko 64 and 65, may be reduced | 4 
courſe as followeth. | 


JD 1f&f N. W. 


108. | 


As diff. lat. - dep. 2: r.dius - T. courſe. | 
As m. 73.6. --m- 139-8 : T. 45d. T. Gad. 15m. ſouth weſterly, 


or DW by WI W. | 
As S. courſe + :: radius · diſtance. 
As Gad, 15m. -- m. 139-8 :: S. god. 158. minutes. 


The difference of latitude is m. 73. 68. and the m 139.8 
welt, makes the courſe S. 62d. im. W. or SW by W. 2 W. and 
the diſtance 158 minutes; which place in their reſpective co- 
lumns in the Journal of the day in page 254 and 255- 

Then the difference of latitude m. 7 or 1d. tm. being 
ſubtracted from the latitude the day be 48d. 51m. the re- 
mainder 47d. 37m- place under latitude by account, for the la- 
titude the ſhip is now in, ſee page 255. B 
And the m. 139-3 near 140 minutes, or 2d- 20m. 


being added to (becauſe it's weſt, had it being eaſt it ſhould have 


been ſubtracted from) 2d. om. the. meridional diftance the day 
before, and it makes 4d. 27m. weſt, for the ſhip's whole meri- 
dional diſtance from the Lizard ; which place under it's proper 
title, in Page 255: | 1 
Lady, To find the longitude the ſhip is now in, you have the 
latitudes 48d. 51m and 47d. 37m- the preſent latitude, and lati- 
tude of the 2 with the departure m. 1 39.8, by which 
you may find the difference of lorg tude in this manner. 


D 17 


g er ip R 


- 


TH 


W 
2 d 


3 628, 


weſt 


+0 Og 


oy 
= — 


i 


— 


8 


. FNF AFA F747 K* 


et ' —— . bound in he table of 
FA *. = tt parts 3257.3 meridional parts. | 
differ. of latitude 1 12. - —ͤ— 
— FOO 
delve, '8d. 37m. 
, Which place 


ET Its 8 
A the log-board from the 18th day 
at noon, to the i9th, which are wrought as follows. * 


The works 5 January fe ed fene 
17 222 1732 days 


ST - N W * 
0 = N 

| — yan 3. * 
6ꝶ＋6—̃ — e | 
As diff lat. 2 radiug= T. courſqGG. 


e e T 456. 42m, bun of 8 
W is the courſe. ls 

As S. courſe <- = We » diſtance..- . | 

As S. 45d. 47m.” m. 129.4 :: S. god. 180.5 manic.” , 

By the work above it's evident, that the di erence of latitude 
is m. n the ture m. 129.4 weſt, which makes 
the courſe 8. For S W. and the diſtance 181 mi- 


is ad. 06 m. ſouth, which — from the latitude of the oy 

before, 47d. 37m. remainder is the latitude by account, the 

22 now in 45d. 31m. N. which _— in the ĩ eth column, in 
2. 


And the departure v2gm. or 2d. om weſt being added to 44 
27m. the meridional diſtance of the day before, makes 6d. 36m. 
weſt, the whole meridional diftance by account from the Li- 
zard, which place in the 11th column of the Journal, in page 256. 

And now having both latitudes 47d. 37m. and 45d. 31m. 
m. 129.4; by them find the difference of 


4 7 74 37m. 3257 m. found in the 
. Fore Zim. do . . m. 5 table of mer. 

— parts. 
The meridional difference of latitude 183 min. As 


As m. 125.9 m. 129.4:: 183m. 189m. or $d. ogm. weſt is 
the difference of longitude, and being added to the longitude of 
the day before, 12d. 10m. the ſum 15d. 19m. is the Jongitude 
(by account) the ſhip is now in; which place in the laſt column 
of the Journal, in page 279: and this day's work (as to the ac- 
count of dead reckoning) is finiſhed. S. 

But on the ſaid 19th of January at noon, by a good obſerva- 
tion of the ſun, I find the latitude 45d. om. N. whereas by the 
reckoning or Journal, the latitude is 45d. 31m. north, their dif- 
ference is 24m ſouth, that is, the ſhip by obſervation is 24m. 
more ſoutherly than by the ing. | 

Wherefore to correct the lati 


place 24m. in the ſouth 


column, and add it to the difference of latitude m. 125.9 it 


makes min. 149.9 for the correct difference of latitude: alſo 
ſubtraQ it from 450 31m. (the latitude by account) to make it 
agree with the vation, as you ſee it done in the Journal for 
the ſaid 19 th day, in — Rents 
Then ts correct the departure, conſider, according to the 
rule in the directions 2 keeping a Journal, preceding it in 
page 269, whether there be à current or no,. king the 
written Journal, T find. A great fea after us ſetting towards 
the 8 8 W. for theſe three days pot; which I take to be the 
cauſe of this error of am. in the reckoning latitude. And 
therefore (by chap. 3. ſeQ. 3. prob. 2. of plain failing) find what 
departure a SSW. courſe, with difference of latitude 24m. will 
make, which is thus - 1B" 1a 2 ak; 
As S. 6 points - 24m. :: S. 2. points * m. g. g · the correction 
in the departure, which place in the weſt column and add it to 
the departure m. 129.4 it makes m. 139.3, for the correfted 
departure; alſo add it to 6d, 36m. (the meridional diftance by 


as you ſee in the 11th column of the Journal in page 257. 

And to corte& the longitude by the 17th rule for keeping 3 

8 250) is thus: £10 
4 N 8 


| | min. —_— 
cen. lee Hie! mad parts 


Correction in latit. 24 mer. diff. lat. 34. Then. 
As 24 min. - min. 9.9- :: 35 min. 14 min. the correction in 
longitude weſt; which being placed in the laſt column; and 
added (for that by the ſecond caſe of the 13th rule preceding 
the Journal, in page 249. the ſhip hath out-run the ckoning) 
to 15 deg. 19 min. the longitude over it, the ſum 15d, 33m. 
write underneath, which is correed longitude the ſhip 3 
7 | : ' Ys 


21% 


3 


account) it makes 6d, 46m. the corre&ed meridional diſtance 


245 
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LESS 7 
8-1 ger 
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7 
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5 
L 


; 


3 


bg —_— B— 
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Chap 
Laſtly, To find the courſe und diſtance 
_— obſervation; you have the correQted difference of l 


2 
to the cor- 


and depurture; which en to chapter 3. ſection 3. 

podem 6 of plain-ſailing, in page 60. is thus: 

the corrected diffetence of latitude, is to the cor rected 

puctare; fo reding. to the tangent. of the courſe corrected. 

That is; 

As m. 149.7 m. 193.3 :: V. gd T. 42d. 59m. ſouth weſt- 

_— Rs And then, 

Sr departure :: N diſtance. aan 
9. m. m. 1 correct 

83 84 855 courſe, and 304g = &. got. — by obſervation is 

+. by S. 2 W. 204 minutes, which write in the journal for 


in page 257, Tous the whois is Gains, any ty 
. to rights for that time. 


And now, nog ey largely ſhowed 2 of theſe three 
falling, how are wrought, m-their 
4 in the OT with an example of a cor Qion by we 
Mal ebene; I's leave the reſt to the diligent learder's 


tice, for thy zre done her the Tier and the 2 
of January you'll meet with another correttiom fbr your tri 

you ma e if you -ſtudiou _ compare this one 
he precing ra 8 and directions, and wich fre- 
quent endes, fufficier 


ten we the manner 
Be, nd che ann wh * 


exp a Sea Reckoning or 
Journal (In this W—_ commodious new On v with grearer 
certality than Bath hitherto been — 2 
n to invite all to keep th Fournils Ader ' this mew 
method, which I dare preſume will nearly quadrate with He 
forttis pta&ife& by the fouls; | have cauſe Payer Books to 
be ruled and intituled (in dure bene ike to che Journal before 
Which you may be furtiſhet with at teafonable rates, 
by B. Grierſon at the King's-Arms in Parliament-Street. | 


Here follows ſeveral Tables uſeful in Navigation, with 
their Deſcriptions and Uſes briefly and fully explained. 


A Table of the difference of latitude and departure from 
the meridian. 
II. A table of meridional parts, for the making . Mercator” 
_ 2 * — that * of failing, 
table of tio rts, for ſuppl 1 
nute of latitude in be table of en — * 
IV. A tabie of logarithms from 1 to 10,000. 


which 
examp bi with 


V. A 


272 The Uſe of the Table. 
V. A table of artificial fines, tangents, 
and minute of the quadrant, the radius being 10-000008. 
A table of angles which every rumd (or * 
Na e 

of them cxrefuly ae e een ee 


CHAP. L 


' The explanation and uſe of the table of difference of lai. 
OO I, Rn, 273 
74 275. 


HIS table tho! ſtanding in ſo. little room as two pages, 
will give the difference of latitude and departure for any 
n 10.00 and for every quarter point of the 


MT IE al tas fi bb 
head it begins at z point, and then j point, 2 points, increaſing 
forwards to 4 points. 

At the foot. it begins at, 4_poidts, and then 4 $ points, 4; 
ö ts 44 ts, increaſing to 74 
RN e 
each page under and over the word Diſt. both at the right-hand 
and at the left-hand, beginning at 1, and increaſing down- 
- wards to 10, about half way each page; and then beginning 
again at 1, and from thence increaſing to 10, at the. foot of each 
R. oö from tha nacridian, 
ſtands under the courſe at the head of the table, and over the 
courle at the. foot thereof ; which are diſtinguiſhed by the work 


Lat: and 
reſolving a ſingle 


The uſe EE Re EN 100 
courſe (which is the Plain n erte in 


p 8 
e- 


Admit a ſhip fails SW N minutes, I di- 
3 ence of lat. and departure from the meridian. 

On the feft-hand in page 284, (of the table under 1 
point, and right 6 under Diſt. you ind us 


Example 1. 


der 


Cht 
der 
the 
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Chap: 22 — — rye X 


. * 
5 | __ 
— 9 
3 
_ 
S 


4 SY 2 
251 3 3 
135 r 
If the parts be 4 451 tat > Tenths 
wm 3311 
Sr] f 
31 
. Lg. 
And'w 1 the parts +, 0 mor, then make the minutes or 
leagues —— from the Meri - 


— hey ar i he bes As for inſtance. 


| So then the aforeſaid 


<5 yW W 
being ſought in the table, a8 * ag; 


min. $.6 tenths, 


i zl incor 


departure” — 400413 


Example A bs SSW2W. 60 1 demand 
rte Una per ia the 


Is o perform this, an 
0, and a to be 20; 3, 30; 4, 493 3. 
2 new. ſtands for 100. According, to > — 
2 (which now ſtands for 60) on the right-hand page 285. 
and. under 2 Z pointe. tends $-2g85 packer has and 28.284 un- 

der dep- which makes the difference of lat + $2-915 or min. 32.9 
* ä for.ob- 
ſerve, 


1 
, 
TV 2 
4 K * 
\ = 
* . 


".. 


* 


* 


is 5-291. and departure 2-828. But. 
If the 4 the 2 8 
diſt. be 5 oP $291- 

And after this manner you muſt i 
Latitude and , as the diſtance doth increaſe. 

Example e I demand the 
difference of itude and departure, the meridian ? 

This muſt be looked out of the table at twice, that is, firſt 
find the difference of latitude and my — 
then find the difference of latitude and 
minutes, and add both together, which n 
1 and departure required: + os 
may 


m. m. m. 


60 | 20-21 ) 56.49 
For did 55 8 BE mas HEPE 
65 Ca 89 61-20 

difference 


That is, according to the former directions, the of 
latitude is m- 21.9 or minutes at Y tenths ; and the departure 
3 1-2 tenths which was 
4. A ſhip fails. SW by SW. 137 minutes. ** 
the di E and Geparture from Ihe merit 
muſt be taken out at thrice; that is, ' ſeek the difference 
of latitude and departure, for the diftance m- 100, for m. 30 
and for m. 7; add them together, W 

m. 
100 


Far diſt. 3 


25 | 
$7 


1 137 110.04 81.67 
Tharis, Uifference of latit. 8 


tr F .* Several courſes and diftances 
of lat. and. departure, — 4 1122 


— „ Admit a ſbip ſails WNW. 106m. then 'W by N. m 10-4 
then by W. 23m- ſs rea Ae pe 


| a co be direft ei et the 


The Uſe of the Table. A N Chap. I. | 
ſerve, that if the diſtance be 6 min- the diference of Lanta 


$ 


Q 


=| * 


3343 +H1L HET TIA 


S 
- 
8 


175k 


1 wy AAS. Dep. I 127. 
r 


place the difference laticude in the north column under N, 
and the departure in the eaſt column under E. If the courſe be 
ifference of latitude in the column 


the 8 under W. . do for the n 
Then having found the difference of lat. and 
the courſes, and inſerted their ſeveral differences of lat: and de- 
in their proper colume : the next thing is to add up the 
N.S.E. and W. columns; and ſet their ſums undetneath. 

Then ſubtraRt the N and S columns the leſſer from the greater; 
and likewiſe the E agd W columns. 

As in the table the ſum of the N column is 2-03 of 
the S column r 
127.25 : and ſubtracting the N column from the S. the remain- 
der is 51-32 the difference of latitude ſontheriy. 

And ſubtracting the E column from the W the remainder is 


127-25 the departure weſterly: 8 4 Now 


Now having the difference of latitude and 


departure you 
Find the courſe und diſtance. by chapter 3: ſefion z problem 6. 
of Plain Sailing, in pg to 
By which you will d the courſe to be near WSW the dif. 
tance 138 minutes, as you may ſee in the Journal for the firſt 
day thereof, in page 252- and page 266. 


_—  —— > a 
— 


CHAS 
The Uſe of the Table of Meridional Parts. 


Tuna Meridional Part for every mi- 
nute of latitude; and is thus to be underſtood: 

In the the firſt column towards the left-hand (of each page) are 
the degrees of latit. from 1 to 8g degrees. In the next 6 columns 
are the M Parts for every 5 minutes of latitude, an- 

i in the firſt column ; and on the left-hand 
— 2 — oml ml1oml: 5ml2omlagml and 


35ml,oml4gmligomls zm! at 


n of cach page ton towfas the right-hand 

every 5 minutes of lad. 
tude ; by the a — and i be following table of Propor- 
tionable parts, the Meruheual parts, to every minute of latitude 
may be found | 


Prob. 32- To fad the Kibidienal ports ts exery 5 minutes of 
ude 


the latitude 124. 10m. bo vin; to 
the — Fon 2 g to it. * * 
Right againſt —. in * rg column of page 286, and under 
10m. (at the head of the table) in the 4th cs, you will find 
the Meridional parts to be 797 minutes. 


Exam. 2. Admit you were to find the Meridional Parts anſwer- 
ing to the latitude 50d. 0m. 


Right againſt 50d. in the iſt column in page 288, and under 


10m. (at the of the table) in the 4th column, you will find 
3490» . 


CHAP. 


— 


Chap. = of Proportional Parts: : 


an 
CHAP, IL 

The uſe of the table of Proportional Parts next following 
| * the Table of Meridional Parts. | 
HE uſe of this table, is to find the Meridional Parts to 
every minute of Latitude. | 

Propoſition 13. To find the Meridional Parts, for every minute 

of latitude. 


Example 1. Suppoſe it were required to find the Meridional Parts 
for the latitude 21d. 23m. | 


Ni, Find the Meridional Parts for the Latitude 21d. 20m, 
(20m. being the next even 5, which is leſs than 23m.) which, 
you will find in page 286, to be 1311 ; and right againſt 21d, 
n the laſt column (noted with the difference at the head of the 
table) you will find 6. 

Secondly, With this difference 6, go to the table of Propor- 
tional Parts, in page 292, and look 6 (in the firſt column there- 
of) under D, which ſtands for difference, and becauſe 23m. is 3 
2 20, re. 

right againſt 6 in the column, and right under 3 
you will ern and it makes 1314 minutes 
the Meridional Parts for the latitude 21d. 23m. required. 


Example 2. Let it be required to find the Meridional Parts 
anſwering to the latitude 51d. 49m- 
The next leſs than 49m. is 45m. Therefore find the Meridio- 
nal Parts for 41d. 45m. which is 3651, and right againſt 51d. in 
the column of difference is 8. | CS 
Now 49m. is 4m. above 45m- Therefore in the table of 
ional Parts right againft 8, and under 4, you will find 
the Proportional Parts to be 6; which agd to 3651, makes 
3657 min. the Meridional Parts for the latitude 51d. 49m. re- 


quired. 5 | | 
And thus much ſuffice for the uſe of theſe tables, and for 


nis diſcourſe, which I hope is plain and eaſy to every reader. 


$3 A TABLE 


14 TABLE of Diffreyge of Latityde and Departurd 
| from the Meridian. | 
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2.9903 
d. 472'2.9855 a 
5-195365 a 3885 , 


4402Þ-94240585: 


'615-820111-457 
# 7Þ>-7901ft.7 

2602 1223 

3.739421 


$7416þ 748 
.6986 2. 


>. 70042-4299 9 4 — -4T5 


Dep. 
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2 3 : 
TABLE of difference of latitude —— 
Fron the meridian. 
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4240Þ 565 415-291 5|2-8234]5. 1464]3.0846/4.98 
328 225 1737-2998. 004103. 598 75. on 
b 112 

7897 5 
A 14108. 31 4715-5S5 


9392]4.2446 71 
817214 71 


L. 


A "De 2 De ep. | Lat: | Dep 


.7730 63440. 7410 3 
1.5460, 2688 1 48151. 
99601.7871 .3190 1. -90322-2229]:.014 
3-212512.382 3 5376 2.9631 [2.686 
516 %. 73853. 865 13 17 cf. 


kt 


+ ww - 


J. 819 5.3742 4381/3.8064]4 4457] 
[5-6225]4-1099 5 411 114.4 408]5.186 
5.125 4-7656,6.1841]5.0752'5. 927 
-228915. 361 2/0.957+15.7 668 


8.0321 595797 7301 ict tot 


ö 3725 '5.05 
257 364 


A Table of Meridjonal Parts. 
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1144972 
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11.43227 
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11.41879 
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11. 38 
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11.3745 
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10.00027 
10.00027 
10.00028 
10.00028 
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10.00029 
10.00030 
10.00030 
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10.0003 


10.9003 4 
10.00035 


— — 


; 
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10. 000g 
— 
10.0003g 


10.00039 
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10.00041 


— 


210.0003 4 


10. 00036 
10.007 


10.00038 | 


10.00040| IL. 
10.09040| Ix. 


— 
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1145358 
11.4001 


11.446446 
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11.413253 


* Sg 


1737804 
1137205 


"WIN | 


Smlsz$=B=S!| 


(EV) 


; 


ey 


ad i 


SQ BEES ISIS IZISBSS 13 


- 


| 


"WIN | 


[$ SIDS424SS2ES1S 
JITIIITAIAIAITZIIA 


30 11.359911 
31 1173570 
3245. 11.354175 
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3415: 1.34845 
4 . 1.34565 
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37 3 L1.34007 
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= 
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8.69x60}11.29804 
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8.7065 11.29535 
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11.337184 
11.342913 
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11.31 
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11131062 


1130547 
0811. 30292 
| 1 1.30038, 
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0.00051 
10. 00052 
13.800053 
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10.038053 


n {11.298 


10.650 11.8 
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11.329011 
11. 326921 


11.324251) 
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1131634 
11731373013 
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11.28 362 
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A Table of Artificial Sines, 


86 Degrees, 


_ Y 


3 Degrees. 
| — Lo 
Tang. Secant 
c . 
[9-9994913.7 1940} tt 28060 10. 00060 11.281 20 bo 
9.999408. 7218 T1. 2781 9.0 11. 2788050 
385525 8. 72420 f t. 7580 10. 011. 2764158 
19.9993 [1.27341 | 10.00062]1 1.27403 | 57 
999938 9.72895 [ff. 7104 10. 0006211. — — 56 
9-99937 1%: 73x 32|t 1.26868 1226931 55 
9.99936 8.7 1 . 26634 7154 
999368. 7380 fr. 26400 1125 $153 
9-99935 8.73058 41 | 112623352 
— 2 2 74063|r 1.25937 [10.00066 1326003151 
9-99934 57455 f 25758 11.257745 
99993313. 74521|rr.25479 1r.25546|49 
9-99932 8.7478 1.25252 11. 25320 4 
9-99932 8.7497 /r. 25026 11.250954 
2 — 8.75199 rr. 24801 [11.24870 46 
9-99939[8.75423t 1.24577 11.24647[45 
9-9992918. 75045 | r1.24355 1124425044 
9-9992918.75867|r1.24733] 1 11.24205|43 
9.99928[8. 70087 [r1.2391 3 11.23985|42 
{9-99927 [8.76307|r 1.23094 Ir. 23766 41 
2955275 8725773775 11.23549|40 
9.99926 325225 11. 23258 117.4333339 
9999258 58 t˖ 1. 23042 11.231178 
9.99924 8 77: 3! 11. 22827 11.22903ʃ37 
9999240877287 ir .2261 3 t 1.22690} 36 
9-9992318.7 1. 22401 10.00077} i 1.22478] 35 
9.99922 977811 1. 22189 10.0008 t 1. 2226734 
99992108. 78022 [fl. 21971000911. 22057033 
9.99921 8.78232 t 1.21 768 10 11.218832 
999920 8.78 4411. 21559 10. 0080 11. 2164031 
999919 8.78649] P1.21351} 10.c0081f} 1121433 30 
| Sine. 9 | Tang. - | Secant. s 
— — 
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8 99919 8.78649 
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099895 [8.84282 
999894 8. 8.84404 


[11.21351 
IT.21145 
1111420939 
999917 8.792661 1120734 
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11. 20327 
11 20125 
6|11.19924 
11.19.724 
I 1:19524 
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1.19326 
11.19128 


11.177770 
1147580 


1.17390 
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1117013 
11.16825 
t 1.16639 


I1.16453 
11. 16268 


11.106084 
1 1.15900 
11.185718 
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13.20412 
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11.21226 


11.21021 
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1118827 
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11.175299 
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11. 16925 
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— — — 
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W— 


- o18.84358 


—— 

999894 

115.54 539[9-99393 

21 3.84713] 9.99892 * 
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— — — 
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6 n — : 
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J. 8.3599 9.99886: | 


1836128 9-998585 | 8.86243 
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8.88120 


8.98287 


8.38453 
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$7018;88048 
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Jae s 866 
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8.89111 
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6.39437: 


— 
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1115355 
11.115174 
11.1499 4 


11.146337 
11. 14460 
11,1423 3 
11.14107 


— 


11,13593 


11,1 3409 
11,13237 


11.12894 
11.12723 


1112553 
11.12384 


11.122715 
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— — — 


11.12047 
11.1 1880 
11.117713 


1111547 


11.171382 


— 
1111217 
11.1 0 
11,108 
11,1072 


11.105631 10. 


8.69508 
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11.1485 


| 11.1365 

1546 889065 75988 J 100 

1048.37 15719.99880{ 8, 

3.87326 922272 
5.37494] 9.99878: 

9 5.87602 9.99877 


. (8. 887829 ö 9 99ο 


87995/999875 
. 8:88 161 9-9987 4 


311113931 | 


ö 


10.00 128 


10.001 19 


10.001 22 
10.001122 


- 


10.00 106 


10.00107 


10.00108 


10. 0109 
10.00 110 
10001 10] 
10-00111: 
10.001 12 
10.0011 2 
10.0011 4 


10.0011 
10.0011 7 
1000118 


10.001 20 
10.021 


10.0013 
— P — 


10.00124 
100015 
1000126 
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10. 00129 
10.001 30 
10.001 31: 


11. 14925 


—— 
1.14748 
11. 14571 


11.145 95 
11. 14220 


11114055 
corey 136 


11. 13013 
11.12844 
11.1 
11. 12506 
11. 123 39 


—— — 


1112172 
11. 12005 
11. 11839 
1111674 
11.115610 


11.1134 
1111183 
11.1100 


10. 0013 


11.108 58 


10.007 337 L1. 12723 
11.1036 


— — — 
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1111501 
111.1528215 
11.110357 
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51 


1113355147 
11.123184 46 


45 


11.0785 
1107134 


1 1.06985 
11.068356 


11.006687 
11.065 38 
11.06 391 


11 


11.6951 
| Fi.05805. 
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1.7437 


11.664441 
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10.0013 
10.001 3 
10.00137 
10.001 38 


10.00139 
10.001 40 
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10.00142 
10.001 43 
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10.00145 
10.001 46 
10.001 47 
10. 001 48 
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10.001 49 
10.0015 1 
10. 001 52 
0.00853 
10.0015 4 
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10. 00161 
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11. 09898 
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518.9474 [9-99829| 11.5083 
618.9488 44-5 11.04949 
7213-95029 99932) 11-0479 - 
| 81895170; 9.99826 11.0465 
2 — 2 99824i8.95 485} 11-0454 4 
10 3274500 999823 11.0437; 
1113.95590 999822 1104233 
12 8.95 723; 9.99821 11.0409 
1 318.95867|9.99822 11.039 
1418.950059 99819 11.0 8. 
e 99807 (09032; (11-0307; 
18 6.95250; 9.998 1 1103536 
1 718-9041 7 999815 11.03 390 
18 8.96553 999814 11.0320 
918.95589 9.9931 3 83123 
20 e e 1102987 
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24 D n 11.024444 


11. oa 3og 
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| [0.00192 
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1 1.001 70 
1. 0044 


10. 99918 
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10.002g0[10.93845 
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70.8297 10.935 9 
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10.93304 
10.931 


ro 10.92982 
16.985 72 10.00304 [10.92376 
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3.0733 
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10.97355 


0.97235 
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10.00241 
10.00243 
10.00244 


10.00247 


10.00248 
10.00249 
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| 


9.03005 
9-03124| 
9-03243| 


9.03301 
9-03479 
9-03597 
9.03714 
903832 


9-03 

9-04005 
9.04181 
9-04297 
9.04413 


90528 
904643 
9-047 58 
9.04873 
9.04987 
9.05101 
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9.05328 
9-05 44) 
905554 
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=] 
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10.0025 5 
10.00256 
I'0.00258 


9.03109 [9.99748 
9.03220 


9-93574 


9.03690 
9.03805 
9.03920 
9-04034 [9-99737 
9-04149 [9-99736 


9.0426 3 [9-997 34 
9-04376 [99733 
9-04490 [9-997 31 
9.04603 [9-997 30 
9-047 ' 5 [99729 


9.04828 [9-99727 
9-04940[9-997 26 
905062999724 
9-05164[9-99723 
9-0527519-997 21 
9-0538619-99720 


| Sine. 


—_—_ 


9.99741 
9-997 40 
9.99738 


10.00259 
10.00200, 
10.00262 
10.00263 
10.0026 5 


+ 
— 


10.959335 
10.958 19 
10.95 703 
10.95 587 


10.958472 
10.95357 
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10.951127 
10.9 5013 


1094899 
1094786 
to. 94672 
10.9455 
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10. 00260 10.95 738 


10.00207| 10.95624 
10.0069 10.9551 1 
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10. oa 10 94948 
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10.002 79 10.94725 
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— — 


1094334 10.00280[10.9461 4 
10.94222| 10-00282110.94503 
32 9.056079. 99717/058900 94110] to.ooa83 [0.94393] 
3319-05717 [9.99716[9.06002 [10.93998| 10.00284 [10.94284 
13449058279 99714 9-06r13 10.93887 | 10.00286 |10.94173 
3519-9593719-997 1319-06224 [10.93776| 10.00287 [10.94063 
3619 96046[9-99711[9.06335[10.93665| 10.00289[10.93954 
3719-0615519-99710 po 10.93555| 10-002g0[10.93845 
9.062649 99708 9.065 T0.00292[10.937 36 
9.0637 2[9-9970719-06666 10.00293 10.93628 
1000295 [10.935 19 
to. ooag [10.93412 
10.00298 10. 93304 
10.00299 10.93 196 
10.0030T [10.93089 

10.00 302 10. 9298215 

10. 00304 1092876114 

10. 0305 1.92769 13 

10. 00307 109266312 

; 
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10-00311 [10.92347] 9 
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A Table of Artificial Sines, 


7 Degrees. 


| 


Tang. 


9.08914 
9.09019 
9.09125 
9.09227 


909434 
59537 


99667 19-09746 
9 09845 
19-09947 
9. 10049 
9. tot 50 
9.10252 
9.10253 
9.10454 


157 10100 [9 9965 1 
1619. 102056995509 10555 
1719.10204 19-995 4819-10656 
189 10403 [9-99647 [9-107 56: 
1919 10501 [4.99644 [9.10856 


- | — 
12919-10599 [9-996 43 | 9. rogg6 
119.10697 . 99642917056 
2219-10795 jy 99040[9.Itig5 
2319-19893 19999358 [9.11254 
24% 10990 [9-99937 [9.11357 
2519.1 1087 19-996 35 
25]9-1118419:99634[9 11554 
2749-11281 j9 99632911649 


p[9-1 147419 99629 


2009-11.570 9.99927 [9.11943 


— CY — 


9.09330 


9.04 


8 90258 
1090155 


10953 
10 89951 
10.898 50 
108974 
1089042 


10.8954 
10. 89445 
0.89344 
3 
10.897144 


10.9044 
10.889 44 


[10.88845 


10.88746| 
19. 88647] 


9 1145if10.88 548þ1 
e ee 


209.1137756 995309017747. 
911845 


155330 


10.0035 
1000327 
10. 00328 


1.00331 
— — 
10.00333 
10.003 34 
10:00336 
1000338 
1000339 
10. 00341 
10.0034 


1000344 
10.003445 


10. 00340 
10.003550 


1090355 


— —— 


10.003567 
10 00358 10 89 303 


* 


109141160 
10 91308; 


10.912056 


10.91 103 5 
10.911001 56 
FE . 


10.90899 


10.90798 54 
10. 90696 53 
109059552 
F0-90494151 


10:90394| 50 
10:90294| 49 
1090193146 


4088913 


10 888 16 
1088719 
10.8862 3. 


j10:88526 


10:33420 
— 
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— ö 
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[9.115 049.996 

11570999227 
9.1 1666 9.99625 9.12040 
9.1176119.99624[9.12138 
9.1185719.99622[9.12235 
9-1195219.9962019. 12332 


11943 


$39} -1242519-9961 2[9. 12813 


$3 
54 


— 


55 


55 9.139949 995820914412 1 
57 9-1408519.9958119-14504 10.8 5 496 


58 


2 


69.130789 996009 13478 


9.12047] 9996199 12428 
9-1214219:9961 7]9.12525 
9-1223619.99615[9.12620 
9-12331[9-9961319.12717 


9-12519[9-99610[9. 12909 
9.1261 319. | 


9.-1298519.9960219.13384 
903071 9995989.13573 


9-1335519-99595[9 127 1. 


9-1344719-9959319-1 3854. 
9-1353919-9959119.13948 
913630 999589 9.14041 
913722 9995880974134 


10 88057 
10.87 

1087862 
10.877065 
1087668 


n 
1087572 
10.875475 
1087379 
1087283 
20.87187 


1087001 
1086936 
10.8600 
10. 86806 
10867 1 


10.860176 


10. 86522 
10.8642 
10 86333 
10.862 40 


10.861 40 
10.8605 2 


10.385959 
r0.85866 


9.138139 995860914227 


— . :—ꝛů— —ꝛͤ —¾  ———— 


10.85 773 


10. 00373 
1000375 
10.003777 
10.00 378 
10.00 380 


10.0038 2 
10.0038 3 
10.0038 5 
10. 00387 
10. 00388 


1000390 
10. 00392 
10.00393 
10 00 95 
1000397 


10.00 399 
10 00400 
10. 00 402 
10. 00404 
10.00405 


10.00409 


[10.00407 


10.88430 
10.8833 4 
10.88239 
10.8814} 
10.88048 


10. 3 
1087878 
t0.87764 
10.87669 
to.87575! 
10.87481 | 
10 85388 
10.87295 
10.87201 
10.87 108 
10.8701 5 
10. 86922 
to. 868 29 


10.866545 


10. 85461 


0.00411 
0.00412 


9.139049 995849. 4320 70 8080 10. 00416 


+1417 51999579 914597 | 
9-14 9.9957719-146 9 
9-14350[9.9957519-14780 


Sine. 


10.85 588 


10.85403 
10.85312 
1085220 


10.00425 


10.00414'10.86187 


10. 86096] 
10.00418 
10.00419 
10.00421. 
10.00423 


10.86370 
10. 86278 


10. 86006 
hee 5 
1085825 
10.85734 
10.85645 


Tang. 


82 Degrees. 


ä 


_ 


n 1 
_ . | Secanrt. |. 


10.86737] 


ro.86553] 


Min. | © = ITY PRs OO 
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e — 
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A Table of Artificial Sines, 


8 Degrees. 


288881 | 
Sw» oO11e mw Om wh. © 


1549-15 


— 


17 


813 
9 © 


22 


95 9.16970 


[9-99559 


9.99550 


b 


9899575 
999574 
999572 
999572 
99956 


999566 
999565 
999563 
9.99561 


9-995 57 
9-995 56 
9-995 54 
9-995 52 


9-99548 
9-99540 
9. 99545 
9-99543 
999541 


9.99539 
9-995 37 
9-99535 


9-99532 


9-995 30 
999525 
9-99526 
9 -99524 


9-99522 
99520 


819.15145 


Tang. 


— * 


9˙14780 
9.14872 
9.14963 
9.15054 


9.15236 
9.15327 
9.15412 
9.15508 
9.15598 


9-1 5685 
9.157 
9.15867 
9.15957 
91 


416135 
9.16224 


9.16313 
9.16404 
9.16489 


24641 


916253 


168 50 
9.1698 
gie! 
9.17103 
9.17190 
9.17277 
917363 


11 


1085220 
10.86ʃ28 
1085037 
10. 84946 
1094855 


1084764 
10.864673 
10.8483 
10 844092 
0.84402 

1084372 
1084223 
1084133 
10.8404 


4 (19.32954 


10.83865 
10.83776 
10.83688 
1083599 
1083511 
10.3423 
10.833335 
1083247 


[- 


to. 83072 
10. 82984 


10.825690 
10.892810 
10. 92723 


917450 


Sine. | 


| 


— 


1000425 


0.00427 
[0.00428 


1000430 


10.831591 


1000432 


— — — 


1000434 
1000435 
10 00437 
10 00439 
1000441 


1000443 
19.0044 
10.0044 
10.00448 
1000450 


— —— — 


[9.00452 
[0.00454 


11 


10 1085645} 


10.85 376 
10 8 5286 


1085197 


1085109 


70847 


0. 84404 


1084317 
10. 84230 
10.841 43 
10.8405) 
10. 83970 


10.8 3884 
1083797 
to. 83712 

10.83626 
10.83540 


1083455 
10.93309 
t10.832834 
10.83199 
20.8311 4 
'10.83030 


1085555 (59 
10. 257787 


10.8 50½0 53 
10.843152 
10. 84843 — | 


10. 212 47 | 


— 


50 


2 


7 55 
54] 


2 


| Secant. 


a 


„ 


9.16970 9.99520 
917055 92255 
9-17139 {9-99517 
9-17223 9-995 *5 
9-17 307 [9-9951 2 


9-47391 [999511 
9-1747419-995099 
9-175 58 [9-99507 
9-1 7641 19-99505 
9-17724 19-99503 
9-17807 7-9 5501 
ES bite 
9-17973 

9-1805 51399496 


918220999492 
9-18 30219-9c 
9.183839 98 38 
918465 9.99486 
948547 9.99484 


9.18628 9.99482 
9.18709 9.99480 
9-18790[9-99478 
9.18871 [9.99476 
9-1895219-99474 


919033999473 
69191139 99470 
919193999468 
9.19273 9.99466 
19353 4 


| 


== 


917450 
819-175 36 


9-18137[9-99494| 


919433 [9-9946219-19971 


917622 


Sine. 


4 10.00 5 


441900499 
509 10.00 501 


to. 0480 
10. 00482 
1000484 
10.0048 5 
to.o0 487 
10. 00489 
10.00 491 
10. 00493 


10.00497 


10.00503 
o. oo 505 
1000507 


1000508 


10.0051 
to. 0512 
10.0051 
10.0051 


10.00518 
10.00520 
10.005 22 


7 
1 


10.825261244 


10.842442 


25 


23 


to. 82359 22 


1081291 
10.812101 


c 
— 


Min. 


＋ O 


— 1 


1 


wer in| ow 


— — 


| 
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A Table of Artificial Sines, 


9 Degrees. 


2 — 2 0 viiN 


Sine. 


919513 
919593 


9.19433 


[29413 


9-99411 * 
399499 
413929497 


9-99462 


999458 | 
9 99450 


79940 
9.9944 
9-994 


| 9-99444} 


9-994 42 
3-99 440 
999435 
9. 99436 

9.99434 


| 

999432 
F-99432 
9-994427 


9-99415 


3-99495 
9 99402 


9.994609. 20053 


5 99454-20207 
9.99452 


46 9- 20621 


999425 
[9-99 42- 


9.9942 
9.99419 
3.99417 


— 


Tang. 


; 


9-1997 1 


9-J0135 
9-202 16 


9.20378 
9-204 40 


— 


2—— 


3. 20782 
9- 20644 
9.20942 
95 21022 
9.21102 


9- .21182 
9-21261 

21341 
rea 
127-499 


9-21578|1 
27657 


1 


| 10.98107] 


[19-7873 


; 


10.7986 


10.79703 


10. 79022 
0.79541 
10.794550 
10.79379 
10. 79299 
10. 79218 
10. 79138 
128578 


10.7 

10. 1 
10. 78819 
10.78739 
10.8883 
10.78 580 
17850. | 


27 


10. 78264 
10.758180 


— 
10. 78029 
10.77 251 


| 


| 1 


10.0029 10.005 38 


10.799247 10.00 40 
10.759784 1000544 


10.00 546 


10. 00548 
10. 005 50 


10.005 52 


IQ,00554 


19.005 50 


rm — ps phages 


19.00562 
10. oo 56 
* 


10.00568 
r0.00571 
10.00572 
10.00575 
10.205 77 


— — —— 


[0.00579 
ra.oo5s 
10.0058 3 


9.00585} 
o. oo 587 


— — — 
I0.0058g 
10. 00591 
[9.00593] 


4 


10.00598' 


10.006001 


A 


: 


—_ 


| 


10.80 567 
10. 80488 
0.80 408 
10. 80328 
o. 8oa349 


0.80175 


10. 80091 


33 
55 


10.79 
10.7 


10.79777 


$10.79542 
10.79405 


1022257 
10. 79309 
10. 79232 
10.79155 
10. 79078 


| 10. 79001 


— To —_— * 


35 22137 


Fg 


9399390 
369.2221209. 59308 
37922286 9.99385 
389.2236119 99392 


9-99377 
.22057 [9- 993 75 


$019-2324419-99357 
$1 19-2331719-99355 
$2 19-23 39019-99353 
53 19-2346319-99351 
54 923535 9-993 


55 9.607 99934 
5619-23680[9-99344 
7 [9-237 5219-99342 
5819-2382419-99340 
5919-23895 [9-99337 
60 9.22967 999335 


48 924187 


9.22593 
9.22670 


9.23 [ 3 1 
9.23207 
9.23283 
9-23359 
9-23435 


9.23510 
9-23 586 | 
9423661 | 
9-23737 
9.23812 
9.23887 
9.23962 
9.24037 
9-241 12 


9-24261 
9:24 335 
9-244to 
9.24484 
9.24558 


25 76870 


— — 


9. — 


10.770639 
10.77 562 
10.77484 
$ 0.77407 


10.77330| 
10.772533 


1 0.77176 
10.77099 
10.77023 
10.76946 


10.76794 
to. 76717 
10 76641 


10. 76866 


10. 76490 
1076414 
10. 76339 


10. 76263 


10.76 188 


— — — — 


10.761113 
10.6038 


10.759653 
10.7 5888 


10.7581 4 
K # 4a 
10.75739 


10.7 5665 
9.75590 
10,75515 
10.75442 
10. 75368 


2 Tang. 


1 0.00655 


10.775539 


1:9-77343 


110765975 
3810. 70902 


10.78 164 


to. 780 13 
10.7938 
10. 77863 


10. 77789 
107714 


10.77565 


10.78239 30 


t 0.78088 28 


10.77491 [20 


1077417 
10. 77269 
10.7795 


10.777122 
0.7 7048 
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A Table of Artificial Sines, 
. 
= 
5 
o| 9-23967 [9-99335 10 703360 
11 9.240399-99333 10. 5595¹f 59 
219-241 1019-99331 10.75 58 
3]9-24181 [9.99328 10.758957 
9.24253 %½99326 —. 247 56 
9-24 324 [9-99324 10.7 5676 55 
9-24395 39323 10. 7560554 
6 10.75534053 
9.25219 10.7781 10.0068 3 ta 75464 52 
9.2. 781222205 
9.25365 10-74635| 10.006710. 53a3 327055 
9254371074583 10.0690 to. 73252 
089 25510 10.744900. 00910. 75182 3 
92558210. 74418 10. 00694 10.761124) 
[925655] 1074345 | 2 [f 
[9-25727] 107427310. 0699 10.74972] 45 
9 25799] 10.74201 10.00% 10.74902] 44 
9.25871 19.74129] 0.0070 0. 74832043 
9-25943] 10.7407 10.001. 2476342 
15] 10.73985 — 10.74693] 41 
9-25376 15 926086 10.7391 4| 10.0070 10.74624| 40 
9-25 4454 9261581 10.735 42] 10.0013 10745355 39 
925514 9.26229 10.73771] 10.0071 5] 10. 7448638 
925583 9.26301 10. 73700] 10.007I7510-74417} 37 
9-2 5653 9.26372 10.73628 10.00719] 10 74348] 36 
9.25721 [9-99278 9.26443 18 e 10.747935 
9-25790(9-99276|9-265 1 4| 10-73456] 10-007 24] 10-74210134 
271 9-258 58 [9-99274[ 926585] 10.7341 5110-00726 ad eva 33 
| 222770 9921 9.26656] 10.733451. 729 10. 47332 
9 : 70| 9-26726 10.73274| 10.00731 | 10:74005 [31 
— 5 92227 28722 122322758 
Sine. Secant. | « 
AY 2 


— 


F 


+» | ww ww w 
ID cows wn 


[SSISS|ESSBEDS| 


ws ao Gs WS 


—— 


F 


© Bows own 


þ | 
Tang. 


9926249. 26938 
9-26207 9.99260 [9.27008 
9-26335|9-99257 9.27078 


9.264039 9925597145 
9-264 70} 9-29253|9-27218 
9-26 5389.992509 27288 
9.26605 9992480927357 
9-2667 2 9 99245921427 


* 


9-2799719-29234[9-277 73 


Ss 


919.2732909. 221 


; 92779 , 


$-2707419-99231[9-27842 
9-271 4019-99229[9-27911 
9-27206 $4 927980 
9.27273 59224928049 
9.28117 


9.274059 99219028186 
927471 99217928254 
92753719 99214/928323 
 9.2760219-99212[9-28391 
92760849 99299 [9-28459 


—— — 
9.277340 99207928527 
99204928595 
9.278649. 990 2029. 28662 
927930 99890} 9 26730 
9229958 99297 [925798 
9 23060[9.99495 |9-28865. 


— 
326867 | 


— —ñP. 
5 


10.731333 
10.73 3 
10. 72992 
1.72922 


10. 7852 
g N 

hay 72702 
10. 72712 
10.7643 
10.725273 


10. 72504 


0.72434 


10.7236 
10.722 
10.72227 


10.72158 
10.722089 


10. 72020 
2 
10. 71883 
1.71814 
10. 71746 
10.71678 
10.7 1609 
10 71541 


18071473 
1071405 
10.71 338 
10.71270 
1071202 
21135 


| I Sine. 


9.73203 


10-0073 
10.0073 
10.007 8 
2189 
10. 00743 
10.0074 
10.007 


N 


10.000 32 


10. 00757 
, ' 0.007 9 
o. 0762 
10.0074 
1000767 
to. o 769 
10.0077 1 
10.0077 

10.0077 

10.0079 


10. 00781 
to. 0783 
to. oo 786 
10. 00788 


19.007g1 
I0.00793 


10.00796 
10.00798 
10.00800 


19.00803 
| 10.00805 


9 4 


| 


—_ 


, Tang. | 


| 


F 


10.73937 
10.73 
2 125 


19.723733 


10.7368 5“ 


| 


[10.9075 10 


(70-7326! 


10.73194] 
1.73127 
10. 7 3060 


10 74993 


to. 72927156 


to. 72860 
10. 72794 
10.7727 
r0.72661 


10.7259 5170 


10. 72 529 
10. 72463 
10. 72398 
10.72332 


10. 72266 — 


10. 72201 
10.72 136 
10. 72070 


10 720056 
10.71940 


| Secant. 


1073597725 


10. 00750 | 


79 Degrees. 


—— 


L 


1821 


A Table of Artificial Sines, 


Secant. 


olo.2806019.99195 [9 28865} 10.71135| ro.oo805| 10.7 194060 
0 $4845 — e 10.0080 lab 5 32 
219.28 1909. 99190 929000 10 100 10. 008 r0 10.718105 3: 
319-282 5419-991 87 [9.29007 [10.709 3110.008131 10.71746 34 
9.28319{9-99185 [9.291 34] 10.70806| 10.0081 5} 10.71681 — 
"519-2838 182 [9.29207] 10.750799ſ10.0081 8] 10.71616 
F 328448 | $43 80 > 29268 10.70732 1000820 10-715 2 — 
7192851299977 929335 10.0665 . 8 30 
819.235 7719-99175 {9-29402 10.70598| 10.0082 10.71423 30 


10.0532 10. 082 10.713659 


1070465 10.008 30 1071295 
10. 7039910. 00833 1071231 


99 28641 9.9917 9.29468 


928705 9-991 7019-29535 
9.29001 


| 


— 


9 99145 
i 9-29456 [32-9914 


2719-297 7919-99127 
2819-29841 [9-99124 
_ [2919-2999319 99122 

12 9.29966 991 19 


9.30587 


9.29668 | 
9-29734 10. 70206 
9.29800 10.70200 


9.29860|10.70134 
9.29932 10. 70958 
9-29998 | 10.70002 
9.30064|10.69936 
9.3013010.69871 


9.30195 [10.69805 
9.30261 0.69739 
9.30326 10.69674 
930391159609 
9-30457110.695 43 
9 30522110.09478 

10.69413 
10.69348 
10.6928 3 
9.30782 | 10.69218 
9.39846110.69154 


9-30052 
9.3071 7 


N 


, 


| 


N 


| 


3 Tang. 


10. 7033210000835 10.71 167 


10.0083 
10.008 40 


10.008 43 


10.008 45 
10.008 48 
10.008 50 


10.008 53 


10.008 5 5 
10 00858 
10. 00860 
10. 00863 
1000865 


— —— 
10. 00868 
1000871 
10.0087 3 
10.008 76 
10.00878 
10.008 81 


10. 70850 
10 70786 
10 70597 


10 70409 


10. 701.59 


10. 71104 
10•71 040 


10.70970 
10.7091 3 


10 70723 
1070660 


10.705 34 
10:70471 


10.70346 
r0.70254 
10. 70221 


10. 70097 
10. 70035 


Secant. 


78 Degrees: 


8 Sine. Tang. Secant. | 
5 | | 
— | r 1 
9.29956 9 991 19 9.30846| 10.691 54 10.00881 10. 70035 30 
9.30028 [9.99117 9.30911] 10.6g08g] 1088310699722? 
9.30090 ,9-99114 9.30975 —_— 10.00886] 10.6991 1|28 
930151 9.99112 9.31040 1 0.68960] 0.00889 10.69849|27 
9.302139 9910919.31 104] 10.68896] 10.co8g1 | 10.69787 26 
9. 30275 92991061 169 10.688320 10. 008941069725 |25 
930336 999104931233 10 68767 1000896 10.6966 424 
9 30398 999101. 3 1297060 10.00899] 10.69602 þ23 
93045999999 3136170. C686 29. r0.00901 [10.69541 22 
9.30521 [9-99096 [9.314251 10.68575|10.00904[10.69479 a1 
9.30582 99093 [9.31 489 [20.68512 10.09418 20 
9.30643 19-99091i [9.31552] 10.68448 10.69357119 
9.30704 999088 9.31 16 10.68384 110.6929618 
9.307659. 990869. 31680] 10. 68321 10.692335 3 
9.30826 [9.99083[9.31743| 10.08257 10.691740 
930887 990809. 18061 10.68 194 1069113 13 
9.30947 [9 99078[9.31870[10.68130 069063014 
[9-31008[9.99075[9-3193 10 68067 to. 6899213 
9.310699 9907293199510. 580 10.689321 12 
9311299 990709. 3205911067941 10.688711 
9.31189 [9:99097 [9.32122] 067878 10.688110 
9312509 99064 9.32185] 10628175 10.587519 
9.31310 9 990629. 32245 4067752 10.686900 8 
93137999859 9.32311] 10.67689 10.686307 
9-3+43019-99057[9-32373] 19.67027 10.685 70 6 
9314909904 3243601675640 10685100 | 
2313999851324 2807502 10.684510 40 
9-31 609 [9-9994919-32501110.97439} 068397 3 
$3 "I 999946 [9326231 19.673771 10.00954h10.6833] 2 
9-31728 [9.99043[9-32685} 10.67315 5706827261 
9-31 788 9.99040 9. 347471067253 00080 | $10.68212] of 
cont I thn | Tang. | © | Secant. || 
3 2 8 — — 2 a nn ” 82 1 
8 78 Degrees. 


—— * — 
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A Table of Artificial Sines, 


12 Degrees. 


Sine. 


— — — 9 


9.31768 9. 99040 
9.31847 9 99038 
9379079 99035 
9.39569.99032 


49.220259 99030 
519 32084[9.9902 


9.321439 99024 
9322029 99022 
932201 [9.9901 
9.22219 9.99010 


932376 [9.9901 3 
9-32437 19-99oTt1 


9-325 5319-99005 


9-3278619.98994 


9.32960 9.989836 


9-33133|9-98978 


9-33248 9:98972 


933362 9.98967 


9.32495 9.990089. 


9.32512 9.990309 


9.3267 990009336770 
9.32728 998997] 


9.32844 98992 N 


9.33018 9989839 
29.330759, 98980 23255 
| 


9-33305 9.98969 þ 


Tang. 


0 


932747 
932810 
9.32872 
9.32933 

32995 


9.33057 
9.33119 
9.33180 


9.33303 


| 


4 


10.67253 
19.67191 
1067129 


10.6 05 


W 
1066881 


1066758 
1.66697 


511866635 
6 ro.66574 

10.665131 
10.664521 
10. 66391 10. 


1066330 
1066269 


2110.66 208 


10.66 147 


9-33913|10.66087 


| 1066026 


44065966 


; 


1 0.65905 
Ta.65845 


6 1065285 


ra.65724 


ra.65664 
9611065604 
611065544 
611065484 
j1a654250r0.01042 


Tang. + . 


— 


10.6 7067 


10668201 


[0.01000 
to. 0100 
10.0 1006 
10 01009 
1001011 
1001014 
1001017 
10 01020 
10.011022 
10.01 025 
ro.01028 
10.0T03T 
10.0103 | 
10.0103 

to. o 039 


110 68212 
11068153 
| 0.68093 
| 10.68034 


1062974 


10.679116 
ö 1067857 
1067798 


410.677 39 
10.6751 


14067622 
110.67505 
1:0.67388 


[0.67563 


10.07447 


10.7370 
1067272 
10.672 4 
10.6756 
10.6709 


0.67040 
1066982 
10.6925 
10.66867 


10.668 0 


— UN— — — 


1066752 
10.6095 
10.666638 
10.6650 
1066523 


Secant. 


66466 
— 


* 
* a—C 


77 Degrees. 


—— (K—— — 


——— 


— 


l 85 1 
Tangents, and Secants. 
12 Degrees. | 
= Sine. | Tang. Secant. 
2 | 
30 933534 992958 9-345 70] 10.65.425 | 10.01042 30 
3119-3359 44h 934935] 10-65 365 10.01045 29 
3249-33648 9.98953 9. 34695 10.5305 10 28 
331933724 9-989501[9.34735| 109.65246| 10.01050 27 
34; 9-3379: [9-9894719-34814 10.65186{10.01053 26 
35[9-33815[9 989441[9.34574}10.65127] 10.04056 25 
3619-33874 998941 [9-34933| 10-65067] 10.01059 24 
3719-3393 [9 99935[9.34992] 10.65008| 0.01062 23 
3809.339879 999361[9.35051| 10.64949] 10.0106, 22 
39 9-34943[%-9893349-351 11] 19.64889] 10.01067 21 
409.3410019 989309. 35170 10.648300 10.01070 20 
4119-3415619-9592719-35229] 10.64771j10.01073 1 
429.3421249 98924935288 10.64712] 10.01076 1 
4349-34268 [9-98921 [9.35347] 10.64654] 10. 019 17 
4419 34324|9-9591949-354054 10.64595] 10.04 084 10 
45[9-34380 9 98916 9-35404] 10.645 36} 10.0108 4 15 
4093443609 98913935523 10.6448 10.0108) 14 
4749-3449: [9-9831019-35581] 10.64419] 10.01090 13 
4819345471 9-95907 [9-35940] 10.64360f 10.01 093 2 
49934602 998904 9.35698 0.64303] 10.01 096 it 
509-346 5819-98901 [9-35757] 10.642430. 01099 10 
51 [9-34713[9-98899 9.35815 10.641851 10.01 102 9 
| $219-34769 9-98896 [9.35873] 10.64127] 10.01104 8 
5319-34824|9-y8893 — 10.4069 10.01 f0 7 
5419-34879 998590} -359894 40-0401 rf 10.01 110 © 
5519-34934 9 80879-36047 1063953] 10-01113 5 
5619- 919.9888 4 [9.26105] 10.63895| 10.01 116 4 
5719-35944 9 Q8831 [9.36163[10.63837]10.0i119 3 
5819-35099] 9-98878|9-36221} 10.63779| 10.011 22 2 
5919-35154 998875 9-36279| 10.6372: | 19.04 125 i 
6019-35209 9.36336 1001 ¹ 1 
EL. ].-Sine. .| 4 a | 12 
| 2 
| 1 


* 9 a 
_ — 
oo 


4 
4 « 


— — — 


33 


— 


Wn 22 r 07 - oF ©, 04... - cane un 


1 86 ] 


A Table of Artificial Sines, 


13 Degrees. 


— — — 


NN VN 


Sine. 


9-35318 


9 30 
2g 


9.36713 
9.36766 


9.35209 9.98872 
9.35264 9.98869 | 


9-35373 
935427 


9.35482 
9.35536 9.98855 9.3668 
998852 9.36738 


9.35590 
935644 
9.35696 9.988 45 9.3685 2| 


935752 998843 
9.35806 
2 5 
9-35968 936837 
9.360229 98828 | 
9-36075|9.988z5 


9.36289 
9.36342 9 98810 
9.30395 9.9890) 
9.36449 9.95804 
9-36502 9 98801 


———— — 


9.36660 


936819 
6 


— | 
2 


9.98858 


9988 49 


9-988 40 


998831 


9 9881 


[9-98 798 


998795 
22 
9-98 789 
9.98786 
228783 
Sine. 


2 


9.36909 
— | 


319-37476 


Tang. 


9-30336 
9.36394 
936452 
9.36 509 
9. 30566 


939624) 


9-36795 


9- 37023 
9.37080 
9-37137 


9.37193 
937250] 
9.37306 
9.37363 
9.37419 


| 
9.37532 
9.37588 
9937644 
9.37700 10. 62300 


937756 10.62244 


9-37812! r0.62188 
9.37868 ro.621 32 
9- 37924] 10.62076 


937980 ion 
3 to. rꝗ. 
9.38035 1965 


Fang. 


Fae 


z| 10.0115 


ra.62356] 


| :0.01128 
0.01131 


10.001187 
468} 1 0.01 190 


[0.01133 
10.01 136 
10.01139 


to. 01142 
[0.01145 
10.01148 


[0.01154 


10.011557 
10.01 160 
10.01 163 
10.01 166 


to. oi 169 - 


10.01172 
haps 75 
10.08 198 
10.0118 


10.04 18g] 1 
10.0371 1] 4c 


10.011953 
10.01 196 
10.01 199 


10. 01 202 
to. ot 20 
10 Of 
10.01211 
10.014214 


10.01 217 


| 
| 


| 


10.63495 


R 


10.630658 
1063605 
70. 63552 


76 Degrees. | 


TT 


— 


12 


| Min. | 


SI Sine. 
5 


9.368 19 
36871 


4 
5.36976 


359.3708 
3616 37123 
3719-37185 


) 37341 
37393 
37445 
37497 


45 [9-37600 
46 [9 37052 
4719-37704 
43819-37755 
49 [9-37806 


a 3008 37858 
52 [9-3 7960 
$3 9.38011 
5419-3 


5519-35113 
5619-38164 
5719-38216 
58 9. 38265 
59 9.38317 


38368 
6019-383 


. 37029] 998 


937237 19-98 
9-37289]9-98 


4419-37549] 


9-38035 
9.38091 
9-381 47 
9.38202 
9.33258 


9-38313 


9-39245! 
9-39299 
3 29352 


9 29407 
9-3949 1 
9-395:5 
9-295 
9.39623 
9.39577 


10.61 177 
1061521 


10.6146 


10.614171 
10.61 356 
10.61 301 


10.61192 


0.61082 
10.61028 


10.60973 


10.60755 
10 60701 
10.6004 5 


10.603 93 


10.60485 


19.60431 
1 0.60377 


Sine 


10.61 246 


70061137 


10. 60919 


1 0.60864 
90 10.60810 


10.60539 


| 


| 


Tang. 


Secant. 


10.01217 
10.01220 
10.0122 
10.012 
10.01 229 


10.01232 
10.01 235 
10.01 238 
10-01241 


10.01 244 


10.01247 
10. 01 2 50 


en 
10.01 257 
10.01 260 


1001263 
10:01266 
10.01269 
I0.01272 
iI0.01275 


— —ͤ— 


1001278 
10.0128: 
10.01285 
10.01 285 
10.01291 


10.01294 
10.01297 
10.01 300 
10.01303 


10.01 300|19.4 
10.60223|10.01310 


10.63182 
10.63129 
19.63076 
10.63024 
10.62972 
10.62919 
t 0.62867 
10.0281 5 


10.62763 
10-6271 1 


10.62659 


10.62503 
10.6245 1 


10.62400 


76 Degrees. 


10.6260 
10.628555 


Min. fo See 0 


110 


| 


"—_ 


* — 


— 


-” ey oe > oc —— — E — 9 
1 7 CY 


8 


1 YR 3 


nr — "= wn 
— — — 


— 


i 
. 

x 
* 


( 


8 ] 


A Table of Artificial Sines, 


14 


Degrees. 


\® 003 On | v3 8 ws © 


9-39407 


— 
: 


9-2951719-98617 


14 


9- 39731 


9.39838 
9.39892 


939785 


1039788 


1.19835 
—. 
10.9522 


10. 39469 
10 19416 


063670. 59364 


20.5931 I 
1019256 


10.4974 
23.887 


10.5737 
to. ot 345 


10.013531 


1.01 354I(T0 6029 


2110.67 58. 


10.011633 


10.671521 
1061481 
10.6430 


0.61129 
ro.61079 


10.6979 


10 616294 


10.1 35 
10. ot 381 
TOO 364 
10.01 367 


10.0 370 


— 1 — 


10,04 373 


10,1377 
10.01 380 

10.01383 
10.01 386 


10.0390 
10.013923 
1040+ 398 

10.01 399g 
10.04 403 


10.04 406 


10.60879 
10:60830 
0.60780 


10.603582 


106385 
10.603356 
1060287 
10.660238 
10.606189 
10 60140 


1060533 
1060483 
10 60434 


. | Secant. 


_— * 


35 [9 49104 
3619-40152 


9-41 474 
41526 
9.41578 


19-41629 


9.41681 


9.41 784 
9.4783 

9.41887 
9-41939 


4819-41990 


9-42042 
9-42093 
942144 
9-42195 
9.42240 


9.42297 
9.42348 
9 42399 
9.42450 
9.42501 


9-42552 
9 42603 
9-420 53 
9-427 04 


9 42755 


9.42805 


941733 


10.686 30 
10. 58578 
10.68 526 


—ͤ — 


10. 58216 
10.858164 
10.581173 


10. 58010 


10.5799 
0.57907 
10. 57856 
10. 57805 
2.57274 


0.57703 
10.587652 
i 0.57601 
10.57550 
10.57 499 


10.57448 
10-37397 
10-57347 
10.57296 
10.57245 
10.57195 


10.58061 | 


10.01 406 


10.01 409 
I0,01412 
0.01416 
10.01 419 


10.01 422 


10.01429 
10.01 432 


10.01439 
I0.01442 
10.01445 


10.01449 


I0.01452 


10.01455 
10.0T459 
10.01462 
Io.01465 


to. ot 469 


10.01 472 
10.01475 
10.01 479 
10.01482 
to.o1485 


10.01 489 
10.01 492 


10.01496 
10.01 499 
10.01502 
10.01 506 


Tang. 


10.014264 


— — —_——— 


10.014355. 


10. 59127 
10. 59079 
10. 59032 
10.5898 4 


10. 58937 
10. 58889 


10. 58842 
10.587953 
10. 58748 
10.58 700 


Secant. 


10.9175 


O elles eo « 


— 


75 Degrees. 


do 


M 


Min 


[ 90 ] 


A Table of Artificial Sines, 


15 Degrees. 


119-4134719-93491 
219-41 394[9-98488 


5194153519-98477 
6]9-41538219-98474 
719-41628[9.98471 
89.416759 98467 
9.98404 


1009 41768 [9.98450 
i1119.41815[9.98457 


1419-4195419-98447 


[51532001 [9.98443 
1619 42047 [9-93 440 
1719-42093 
| 1519.42140 
119942185 | 
| 


2019-42232 
2119.42272 
2219-42324 
2319-42370 
24 942415 


2519-42452 
2619-42507 
2719 42553 
2£19-42599 
2949-42944 


Tang. 


pq 
9.42856 
9.42906 
942957 
9.43997] 


9.43057 
9 43108 


9-43208] 
9-43255 


9-43308 
9.43358 
9.4340 
9.43458 
9.43508 


9.43558 
943607 
9.43657 
94370 
9.43756 
9.43800 
943855 
943905 
943954 
944004 


9 44953 
944102 
9 44151 
9.44201 
9 44250 
944299 


1 


9.43158 10.568 42 


10.557195 
10.7144 
10 5094 
10.570433 
10.565992 


1056943 
10.56893 


10. 56792 
10. 56742 


10. 56692 
10. 56642 
10. 56592 
10. 56542 
10.56492 


10.504 42 
10.56393 
(0.50343 
10. 55293 
10 56244 


10. 56194 
10. 56145 
10 56095 
10. 56040 
10.5 5905 


10.559477 
10.5 5898 
10.5 55 49 
1.55799 


10.55750 


10.855701 


Secant. 


10.01 500 
10.04 309 
10.0151 2 
10.015 
to. ot i 


10. ot 523 
10.01 526 
10.01 529 


10.01 533 
10.01 526 


10.015 40 


10.01543 
10.01 547 
10.01550 


I10.01553 


10.01557 
10.01 560 
10.015564 
10.01 567 
19.01 571 


10.011574 
10.01 578 
10.0158 
10.015385 
1001588 


10.013592 
10.015935 
10.01 599 
1001602 
10.016905 
10.01609 


| Tang. 


| | 


. — 


10.58700 
10.5865 3 
10. 58606 
10.585 59 
10.5851 


10.5846 5 
10.584 19 
10. 58 372 
10. 58 325 
10. 58278 
10. 58232 
10.587185 
10.5813 

— 


105772213 
10.5 7070 
10. 57630 
10.5784 


0 57539 
0.57493 
0.57447 
0.57401 
0.57356 
0.57310 


74 


Degrees. 


Secant. | | 


— 


[ 


gr | 


Tangents, and Secants. 


15 Degrees. 


Sine. 


9.42690 
9.42735 


4305 


93143 
198188 


9:4309819-98 
9:983561[9-44787 


Tan 6 | 


99539. 


9-9935219-44836 


1-4 Secant 


9:44299 10. 55701110. 01609 
999388 9.443 8 10. 55652 1001612 

998394 9442522 10. 55603 10.01616 
4610.556554 


* 58505 


70 55457 
10. 55408 


' 


10.55359 
10.55310 
10.5 5252 


10.55213 
10.551604 


10.01620110.571 74] 27 
10.01623110.571 28] 26 


10.016270. 5708325 
10.016300. 5703824 
d. 0163410. 5699323 
10.016370. 56947] 22 
10.016410. 5690221 


10.016441 10.586857 
10.0648 0. 56812 


10. 97310 30 


f 
| 


9.432339 983% 443884 [i0.55r16|10.0165110.56767 
94327809 98345944933 [10.55067{ 10.01655110.56722 
9 4332319-9$3421[9-44981 5501910 01658] 10. 56677 


9-4336819.98333[9.45029 [10.54971| 10.01662] 10.5063 3 
9-43412 9.984 3519-45078 0. 54922 10.01666] 10. 55588 
9-43457199833119-45126110.54374|10.0166gf10.565 43 
4819-43502|9:9832719.45174[10.54826}10.01672|10.55498 


1 491943540 9:98324[9.45223[10-54778] 10.01676] 10.5645 4 
ö 5049-43591 [9:98 32019-45271 [10.54729} 10.01080pro.56409 


5 43680 
$3 9.42724 
| 54 9: 437094 


55 9.43813; 
15 843857 


9.43901 


g9'9831 319.45 367 
9.98309 9-45415 
199830019.45463 


9:9830219.45511 
9:93829919-45559 
9-9829519-45606 


10.54033 
10.54585 
[1 0.54537 
10.54489 


10.54441 
10. 54394 


: 1 9-436 35 9-98317[9.4531910.5468:}10.0168310.56365 
10.016870. 56320 
10.016091 10. 56276 
10.016940. 56231 


0.01698 [0.56187 5 
10.0101 0.56143 


| | 10.01 705]10.56099] 3 

| 5 ' 9.43946|9:9329119.45654[10.54346] 10.01 709ſ10.5005 4] 2 1 

| 59! 9432990 19.982889. 4570 10. 54298 to. 012 10. 56010Þ 4 2 

5 60; $:44934]9-98284 9.45750 10.5 4450 10.01716[10.5 5966 
＋ | Sine. 


0 
Tang. | | Secant. g 


74 Degrees. 


— 


M 3 


[ 92 ] 


* 0. 


A Table of Artificial Snes, 


16 Degrees. 


Tang. 


7 
128 
29989445292 
3019-45 3344 


44 


945750 
9-45797 
9.45845 
9.45893 
9.45940 | 


46035 | 10. 53965; 


10.54250 
to. 54203 


10.541575 
to. 5 408. 


10.5400 


10.554013 


10.539118 


10. 33870 
ö 10. 53923 


10.537706 
10.653729 
10: 53681 
10.53634 
10. 52587 


q 


16.07 
— 


— — 
to. 734 
10.0 738 
10017414 
16.01 747 
10.01 749 


10 55966 
10.6 5922 
10.5587 


bo 
24 
57 


0.55834 
10.855790 


1.5574 

10.855703 
10.556 
10.555615 
10. 555 


16.01 52 


10:0 
10.0 


10.55 


10.55 441) 
10:55398] 
10.553 


9.440 10.53 5 40 

94507 2063495 

9.46554 10.5344 
660 


9447114 


10, 53399 


10.53306 
10.563259 
0.53212 


1853352“. 


ro.01 F71 
[0.074 


(10.55138 


70.5537 
10.5 5267 
10 55224 
10. 55181 


| 
- 


10:55485} 
, 5 7 


56 
— 


45 
44 
43 
42 


10.55095 
10.55052 


10.53165 


10611 
9.46929 2 955 | 
10.5302 


v0: $2979 
10.529232 
10 52986 


1 


41 


3 
2 
7 


7 


510 0 5486 30 
793110.01830}1 0.54623 


5245.774620 
35-4746 9 $98 152 
| 3419-45504 19/991 59 


545347 $-981 55 19-47392170-52608 
9-45589 [9-981 5119-47438 fr 52562 

9.45032 19-95147 
$19-45574 19-951 44, 
3949-45710 19-951 40 


3-981 3619-4792 
9-45801 [4 981329 47688 10.562332 
[9-45343 19-99: 2919-47724110452286 
3-4588519-9812519-47760[10:52240 
459271998721 9-47800110.52194 


9 rr en 
22 | | 
98 110 947943 10452057 


. — 2 | 
9:45r36 9.98102 


10.0rY8g3}10-54453] 25 
10.01 849]10.5 44121] 24 


21 


20 


| 10.5361 4 
0.53522 | 


719-494 4.98071 [9 10.53531 
. 94611 3 856. 1.343% 
59 949555 | 10-53445 | 


ACE. 


6 9.98052 3-43 


| 998044 948714 


5.2804 9.48759 


019-97993 549297 


19-9797019-49563 


3[9-97962 [9-49652 


$[9-97930 [9-49784 


Tang. 


ou ene ww . 


9.98060. 4534 
9.980569 .48579 
24 
9-48659 


10.5 1466 
1051427 
10.51376 
10.51331 


9.98048 
10:51236 


— 


10.01 940 
[10.01944 
10.01 948 
10.01952 
to. o 19 56 


10.8241 
9036.880410. 51196 
32835 948349 [10:5ti5r 
9-380 19 [5-49994 [19.5106 
9.98025 [9-439 39þ10:5ro6: 


9-98921 [9.43984| 10451016 
9:9801 7 [9-4992g| 10459971 
99801 8 
998009 [3-491 18] te 
9.8005 [9,49163| 1050837 
9-98001 5.47267 
9-97997 [9-49252 


9:97990 [ 9449341 
9.97986 4! 
9.97982 9.444300. 
9.57978 8.44740 
9-9797419-49519 


997906 [3-49607 


9.97958 9.4969 
3-27954 19-497 49 
10.50z16 


9-97946 [9- 49828 


4997319450927] 


1001999 
10.2003 


10.0190 
8 
10.019068 
10.0197 
ro 1925 


10. 01979 


. 


1001997 
10.019956 


| Secan | 


— n 


10453497 
10.53365 
10.53324 
d. 53283 
[9.53242 
0.53200 
[0.53159 
10.537118 
18.5377 
19.53037] 


10.52995 
10.532955 
10.2914 
1842375 
9.52823 


r0:32700 
10.542751 


10.92007 
10.0201 1 


10.0 
19.02025 10. 


10. 2038 


10. 02042 


to. oa0 4610. 
10. 02050 


9-27943 [9-493 72 


— — 
Sine. Kc 


10.52670 
10. 52029 
"a £4.39 5 


10.5OT 72] F9.02054 
19.501 28] 10. 02058 
Tang, | | 


* , 
" - 


72 


ung — 2 — 
* ome 


um reren 1 12 


— — 


4 


9.97886 


1997874 


948568997860 
9.97862 


8619-97852 


319-9784: 


8 9-97921 


9-97942 
9-97938 
9-97934 
9-97 930! 
9-97926 


9-97914 
9-97910 
997906 


997965 


9-97898 
9.97894 
9.97890 


9.7883 
9297878 


9.97870 


297857 


997849 
297845 


997837 
9.97833 
997829 
9.97825 


9.979229. 
99791 of £ 


9-50311 


9-503ZSSI! 


9-50398 
950442 
9.50485 


930529 
9.30572 
9.50616 
9.50659 
9-50703 
b 


| 


9-50746 


9.50789 
9-50833 
9-50876 
9.50919 
2 
9-50902 
9-51005 
9531049 
9-51092 
93113 


9.5117 | 


| Sine. 


19.501 28 
10. 50084 


10. o 


10. 49996 
10. 49952 
10.4 8 
10.4986 
10. 49820 
1049777 
1849733 


10. 49689 
9.49045 


10. 49602 
10.495 58 
10.49515 


10. 49471 
10.49 
10. 49384 
10.49341 
10. 49297 


1049254 
10.49211 
1 0.49167 
10.491 24 
10.4908 1 


42810. 02122 


48908 | 10. 02171 
[10.02175 


ö 


þ 


10.020 58 
10.02062 
10.02966 
10.02070 
10.02074 


10. 02078 
10.02082 
1 0.02086 


10.02090 
10.02094 


10.02098 
10.02102 
1G.02106 
IO0.02T10 
10.021 14 


10.021 18 


10.02 120 
10.021 30 
TO.O2I 35 


10.042139 
10.042143 
10.032147 
10. 215 ĩ 
10.042155 


10.042159 
10. 02163 
10.042167 


10.032179 


_— 


— —— 


10.542186 
10.521466 
to. 52106 
10.5 2066 


10.5 1986 
10.51 

1051555 
10.5187 
10.5178 
10. 51748 
10.5 1708 


0.51629 


10.5150 
10.851511 
10.581471 
1.51432 


10.1393 
10. 51353 
10.851314 
1051275 
10. 51230 


10.51197 
10. 51158 
10.851119 
10.5 1080 
10.5 1041 
10.51003 


b 


10.52026| 


10.519462 


10.5 158915 


— 


10.5 166817 


. 


— — 


| | Min. | > — n Ony 


= — f 


1 
4 
/ 


IN 


09.489989. 78219-51778 10.02179] 10 5002 
11949037 [9.97317 12. 10.4877g] 0.021 84 10. 50963 


219-49079{9-97814| 9-51264] 10.487 37] to. 02 188 10.50924 

319-4911 5 [9-97808 [9.51300] 10.48694] r0.021g2f 10.5088 5 

419-49153[9-97804[5-51 349] 10.486 511.2196 10. 50847 
949192 |9-97800[q 51392 10.0320 19.50807 
9-49231 [9-97 796 #51435 0.02204 19. 50769 

719-49270 [9.97 792195147 

89.4308 [9.97788 9.515200 10.02212f 0 50692 

242232 [9-97784 [951563 9.02217 10.50653 


9-49385 19-97779 15 51806 10.48 394 10.02221 Des 
949424 [9-97775 [9 51648] 109-48352] to. o2225 | 10.505 


9-97767 [9 53734] 19-49267] 10.0223] 
N 


to. oaac8 10.50731 


949462 7771 % 516% 10%, 291.5538 
949501 io. Sooo 
1419-49539 [9-97 763151776 1008224] — — 


10. 48181 [0.02241 to. 50423 
10.48 1391.224610. 5085 


9-4991519-9775449 53861] 


C 
þ 
2 
3 
4 
$19-49577 [9-97759þ 51819 
7 
8 
9 
I 


9-49654 [9-97750þ3 51902 10. 50345 
9.49692 9.97745 951996 10.0225 41 10-50308 
1919-49730 9-977 424519 | 58 10. 50270 
9.49768 [6 97738[9-520341 | | 4950232 
21 [9-49806 [9-977 34þ9, 52073 1.02267[10.50194 
2219-49844 [9-97729 8521135 100227110. 501 56138 
2319-49882 19-97725 9.52157 10.225 5 555 
2419-49929 13-97721 þ9- 52200 10.022291. 50086 


9-97717 [9-52242] 10.47758] 10.02283] 10.50042 

16] 10.02388|10.50004 
10.022921 10 49966 
10.032296 10. 49928 
100300 10.49890 
10.03304|10.49852 


9-49958 
59.499965 97714 9-52284| 

9$:50034[9-97798|9-52320] 
81 9-50072[9.97404|9-52368 
9-501 16[9.97700|9-52410 
9-5015819.97696|9-5$2452 


Sine. 


= — 


YT WH TY r eee 


k ARS... a... Dial  # 


I ——_—PYW 


7” we Ty” FI. W 


A. .4 


qr x 9-97 

501850997691 
3822885857 
9.5026 10997683 
9.502989 97679 
9.503369. 97675 
9. 5037497670 
9.504119 97666 
950449, 97862 
9.504880997657 
950523997653 
9.505619 97649 
9.50598 997645 
9.5063 51997040 


Sine. 


20573292929 
9: 507 009.9 7632 


469.50747% 97628 


9.507849 97623 
9 0821997619 
9.508599 97615 


9508969 97610 
9509320 97606 
95097009 97602 
951007997597 


95104399759 


9.510809 97589 
9511 1719-97554 
9.5115419-97580 
9-51191[9-97576 
9.5122519-9757" 
9 51264[9-97 567 


Tang. 


9-$2452 
9.52494 
9.52536 
9-52576 
9.52020 


9.52662 
9-52703 
9.52745 
9.52787 
9.52829 


9.52870 
9.52912 
9.52954 
9.52996 
9.53037 


9.53078 
9.53120 

9.53161 
9.53203 
9.52244 


9.53285 
9.53327 
9.53368 
9-53409 
9.53450 


9 53492 
9.53533 
953574 
953615 
9.53655 
9.53697 


— —L—H — 


5 


— Sine. 


1047548 
10.47 506 
1047464 
10.47 422 
0.47380 


r0.47339 
0.47297 
10.47255 
10.4721 3 

10.47172 | 


10.471 30 
10.47088| 


Tang. | 


0. oa3og 


0.02368 


10.02304 


to. o2313 
10.032317 
10.02 321 


10.02 326 
10.02330 
10.0334 
10.032338 


1002343 


10.042347 
10.023581 
10.02355 
r0.02360 | 
10.0236 4 | 


10.02373 
10.023 77 


to.o2381 
1002385 


10. 02390 


10.042394 
10. 02398 
10.032403 
1002407 


10.032411 
10. 02416 
19.02420 
10.02 
Io. oa 
1002433 


1049327 


10 4873 
| 


10.49477| 
10.49439| 
10.49402 
r0.49365 


10.49290 | 
[0.49253 
10.4926 


10.49179f1 


10.49142 


10.491041 
10.490 
10. 49030 


10.48994 


10.489657 
— 

10.489 a0 
10.4888 3 
10.488 46 
10. 48809 
1.48773 


— CO—_T” Y WI” 


3 
6 | 


1 


Nin. 


— — 


0 elles o 


3 woe th 
* 7 


9 


RIES 
5133 
ELIN 4144s 


'$19-$344 
213514 
2110.51 52 


ase. 


11 9519 
1319.54 736 


J is 
1719-51 


0149-97537 
Aertz 7 9-97532 15 


ic 18 9277235 
98971954 
12 K 9751S 2448 
5975160934228 
249-5 £7:25| 99750 


975915 


2719-5$224219-97:448 
2819.52278]9-97444[9- 54935 
2914-5231 449-97439 95 


* 5.3 4 


I 


2-97 557 E 2 0 
9 97593 953735 1 
2-975 58 
3 93337416 975548 53920 
1975 $92 


997545 | > 53902 [10,46098 
7 9754! [9:53943 [19.4605 
34 10,95060 


86314 3 


253815 obs -459: 


9-542 


43319-54431 


7 


4; BE 5 


4309 | 19. 

619-$1$4749-97497 [9-54359| 
3419-97493 [9-5 4394 
1813-5$194919-97 


19 95195519 9-454 419-54473}1 


— 

992479 9.54512 
9979759 5452 
9974200 54593 
997569. 84632 


2800354310. 
10.0548 


1048206 
19.45 166- 


10435125 


10.042525 
19 ©2530 
10.025 34 


40.025 51 


$ 0-D25 56 
10.025 141 
e 


| 19.02524 | 
1 


27000539 


u | 


2 


a. 


442 40 
a 4. 1 = 


a ud 
>+$.. 


— — 4 „ — = P”" ww 


v9.4 


36 9 5255 


155 953437 | 


| 


52728. 97412) 


9. 5283 1 [9.97376 


5olg.53037 [9.97344 
5119-53093 997 40 
5209-53127 [9.97335 
5389-53161 


$449-53299, 


5049: $3260 [9.9731 
$7 4540" M4 


3 2 9974 þ 


4 De 9 9741719 


| 973901 
+-$2740 997335 
+5277 519-9735 1 [9 


$2946 [9-97372]< 


10 45085 


10.457005 


9771 
9-337 34 - 


[10 45045 
; ons x 9.4 


1115 TED . 15 


3 — 485% 10-4654 


= 9" 12 755 12 


9 ——_—_— 


I 
2 
10 


TI 


— — 


| 


— 


- 
5 
© 
> 
2 


9 


* 53509 


055408 777299 
53440997294 
553759972899 


997285 


12.3284 9.97280 


's 9 3 5301 


9- 97276 
9:97 271 


1 719 — 


222265 


953751 
78516 


1203 


9: $3988 


F5399 


2 54305 
p- 54399Þ 


. 


619. 408 
. 
97248: 


1219-538 19]9:97243 
13 2 a . 
97234] 


1515 955972 99229 
913977997225 
11997220 
15 $4025 19-9721 5 


rg6 [9.56965 


125 5263597 
4 7 5 
971 
7708 3 
:97 16.4 
25 — 82 


; 


Sine. 


— 


i © El | 


oo 
14 
2 


— 


l 
3 


— 


9 $5920! 


957004] 
9- 957042] 1042958 


| — 


128 43151 
5 788587 


10. 0e 
188527 
16.3424 
10.4338 5 
19.433 46. 


10. 330 
10.4 3268: 
10. 43229 
10.43190 


10.477 73 43113 
to 43074 
10.643035 
to _ 


IT 
I 


803 
104 4755 
1043726] 


5 8 | 


10.02 


22 


19.02 


9.027 
10.027 52 
10.892775 


10.0277 
10.02 
10 © 
10. 029 


e 
10.027994 


19-02799 | 
19.02804 | 


—— 


10.03 
10.0289 


2 — || 4+ 
41 — 2 
10 52701 1 10.45595 
508 10 46360 
188271 10.46 526 
{ [1992515 {10. 46496 | 
$3736 fa 10.4646 


————— 
| 80 02725 


10.8471 1.46284 
ho 46243 


10.02808 
8110-02813; 


10.6287. 


115 46 422 
8 46387 
"x0. 49357 


| 1.83831 10.4631 


10. 46215 


10. 0786210. 46 14647 
— rs 46 


10.0277 i | 
42 


10 45873 
10.345839 
10.45805 
10.457T1 


8 


„— A 


: 


40 
39 
3s 
37 
36 


ASS >| +> + ++ | -- 


2825 


OE CERES 


— 


wa 
þ *, 


1509.70 
1369. 4035 


1379.546658 


0 | < 4x 
22 


971 JO 


40 : $3769 75555 
laid 


9 8 10. 
945 738g 16. 
9-57 423] 
$997" 35 5 


27125 
[9-54702]5 77127 


ia 10. [4556 
987412 10. 4268910 02845 to. 45534 
| ” 104550 
104540 


7104 4] 7582305847775 
95 7504] 10.42495] 70:02870[10.45,365 
4 10. 42457] — 


enen 
945 76g6 1842304 — 
344226610 


Lease 10. 45064 
10.0298 


1 44433 


2 1044930 


12 


10-45 332333 


1951 10.59% 10.44898 
%%, 
410:02946F1i 0.44831 

10.029510. 44798 


> 63500 ? 


10.042956 — 2 


1b. 02901 704473 f 
10:44699] 


O — w 


„ 


Min. | , 


3412 9.03043 
1903043] 9.441 42 
.o. 44109] 46 
19.030g8Þ1 6.44076 
g8 [10.03003]8 9.44044 
44[12-03068]40.4401 2 
1]-:293073]þ 043979 
100307011. 2:4394714 


5944 941056 

9.33981 [0441049 
9-590 16] 1 
959056010 
299272190944 
99600 49 191304 


0 0910. 031 | 
104405 TA[40 0311, 74309,43009 | 
q | 1040534] 10.031.24 1943657 [3 
1040497] 190333741 2:43625 | 
9409] 10-033 32114435921 3c 
I |,Secant. g 


10. 02385 
[9.92990 
10.0995 
| 1 0.02999 
1 


1.44534 
1.44430 
10.44370 


19 2-44272 


24423915 
$0-43%07 | 4; 
0.44741 4f 


© ew 88 ls) 


188 Wn wi wh on 


710.0423 J10. 53137 
4 | 10.40386] 10.3142 
905. | 10.49349 19.03147] 
9088] 10: 4034 2] 190315211 
OO —— 12 —— ide — 
5 [40-4027 51 1903157 
[10-4023 | 19.03192 
10.40202 16.03167 
{1040165 1003172 
0.40128 19-9323. 


\ 
f 


10. 40091 1003182 }10, 
10. 405 f 100318) | 
10. 40017 
Lo. 39981 0 
956} 10, 49944þ10693202þ 
9-16884[9,96793 [9:50993|:0.39907| 
9 5$691.719.96788| 9.001 30f10.39870] 
95783 |9.60166{ io. 39834 
9203 [19.39797 Pape es | jen 
©$10-39761419-03235 1.1: 


10.39724[10:23233|0 
10.396871. 032380. | 
10.396510 10:03243|10.42893 

10.396141. 0344810. 42862 
1 0439578] 19-03453110.42831]; 


10-39541 19:2g258 | 


—_—_— 


a | 04 we © 


8 
* 
S 
2 
wh 


40. 39505þ10.03263 | to. 4278 4 

10.394 10.63262|10.44336 3 

68 10-39432] 19-2327; 1 0.42705} "2. 
;1:0.39395| 10-03a78] 10.42674]! 1 | 

12-3935911 2-032030 12:4494;} © 

” Tang. | ' Secant. | 6 

— — — | 

J. 63 Degrees. 


5 


1039059 
ro. — 2 


10.3 
10.389 


to. 3632 


57824 396640 ; 


ro. 3505 


o 38924 


10.033335 
(1003349 


10.442331 


ro. 4⁴3⁰⁰ 


16] 57855 ( 96634 og 1042146} 44 
#715 578890 9.96629 4| 10.03371} 1044115 $43 
— 9 77916 9662 10.033710. 4208442 
9.57947 [9-96619 10.03381J/19.405241 
10.03386þ10-42023| 40 
10.03 39a 0,4992039 
10:03 397] 10-4196 1/38 
10.4 10.493003) 
190248710 41900- 36} 
10-03412/ 10 41869 [35 
7 : to- 3418 113868. 
9.58192 99677 120.0342310 480033 
E59 58223 99657209 70.03 48 10.41 777432 
29] 9-582 53 [9.96567 | 5.5 10.0343310-41747[31| 
12 «| Lan 356562 a [10.03 439 1041716130 
2 LA | Fecame. 
2 0 5 * 
5 — — HD — 


to. 38278 
10. 38242 
to. 38206 
to. 38171 
to. 38135 
10.38 
10.3804 
10.380 
10.37992 


47 
48 


2 


58 


10.37957 


0.37921 
10. 39886 


10.37850 
10.378135 
10.3779 


10.3774 
10. 37709 
10.378673 


10. 37638 
10. 37602 


10.37567 
1037532 
10. 37496 
10.374601 
10 37426 


10.37 391 
10.3735 


59098 10. 37320 
10.372853 


9591269 9543½%52715 
95915899640 85 


a 9.62256 
958769996477 [9-62292 
9.587999 96472 62327 
9.588299 96467 9.02362 
958859995461 [9.62398 


9.58889 9.964569 2433 
. 5891919-96451 [9.62468 
389499 96445 [9 62504 


\ 


| 


9 591889 96402[9.62785f10.37215 


Fang. [ 


10.03439 
10-03 444 
10.03449 
10:03454 
10.03459 


10.03465 
10.03470 
10.03475 
10.03481 


10.03486 
— — 


1003491 
10-03 496 


10.03 502 
10.003507 


10.033512 


1003517 
10.03 523 
10.03 528 
10.03 533 


10. 03539 


03544 
10.3549 
03533 
10. 03560 
10.03 566 


— ͤ————ů—ů— 


10.0357 
to. 03576 
10.0358 1 
10.03587 
to. o3 59a 
1003597 


* 


10.41 564] 


N 
: 


; 


106.4108; 


10.41021 
10.4099 1 
—ͤ — 


10.4096 
10.4931 

10. 40902 
10: 40872}. 
10. 408432 
10: 408 12 


10. 41 292 


10.41 141 


10.417163 
10. 41686 
10.4655 
10.416285 
10.41 594 


10:41 534 


10.41412 
10.41382 
10.41352 
0.41322 


r0.41261 
10.41231 
0.41201 
10.41171 


10.417111 


10.410511 


ä 


[ 106 ] 


A Table of Artificial Sines, 
23 Degrees. 


— CCC 


96322 
2285378 
2.599963 11 
18 .59720.96305 


5 


110.364 12 
3 10.36377 


= 1 
96240 44039470 


— — — — 


107275 
19.3780 


10.37145 
10.37110 


103709 
1037039 


10.36795 
10. 307 
10. 352 af 


10.305 16 
10. 36482 
10.360447 


10.036343 
1036308 
«0.36274 
10. 364 39 
10.3620. 


Secant. 


10.0360 
— 
1003614 


10.036567 
10.036562 


1003675 


0.03689 
10 03695 


70.0370 
10.0371 
100376 
10.03722 
10.027297 


7653737 


10.03738 
1003744 


10.037355 
0.03760 


Tang. 


| 


10.03 597 


ro. 03619 


10.036881 
10.0363 


to. 03684 


10037 


10.903749 


—ͤ — 


10. 40369 
0.49339 
10.40310 
10.40280 
[10.4025 1 


10.40222 
141% 
10. 40163 
10. 401 34 
40.40105 


10.400 70 
10.400 46 
1049017 


| 


| 


19.29959 
18 28930 


Secant. 


10. 39988 


30 
221 


23 


Degrees. . 


| Tang. 


9.63830 
9.63865 


4319-50 
4419 604751996162 


4519-60503[9.96157 
4619-605 3219-96 
4719-00561 j9.961 46 
48 9.00589 9.96140 


904552 
9.64586 
9.64620 
9.64654 
9.54688 
353555 
95475 

964790 
9.64824 


| 


5 
| 


10.36170 
110.36135 
10. 36101 
10. 36066 
10.26032 


10. 35997 


110. 35963 


10.35928 


0.35894 
10. 35860 


10.35825 
10.35791 
10.35757 
10.35722 
10.35688 


10.35654 
10.35619 
10.35585 
10.35SS1 
10.35517 


10.35483 
10.35448 
1035414 
85385 
—33³25 


1035312 
1035278 
f 


10.35244 
10.3510 


1035176 


9.64858 10.35142 


| Tang. 


— —— —_ 


10.3760 
10.0376 
10.03771 


10.03777 
10.03782 


10.03788 


19.03793 
10.03799 
0.03804 
10.038 10 


10.038 15 
10.0381 
10.038 26 


10.038 32 
0.03838 


10.03843 
10.03849 
10.0385 4 
10.03860 
10.0386; 
— 


10.038711 
10.038777 
10.03882 
10.03888 
t10.03893 


10.03899 


10.03905 
10.03910 


10.02916 
10.03921 
10.03927 


| 


10.39930 
10. 39901 
10. 290872 
10.9843 
10. 398 14 


10.397835 
11039756 
10.39727 
10. 


10. 39670 


10.3964 1 
r0.39612 
10.39583 
0.39554 
10.39526 


10.3 7 
10.3 
10. 39439 


10. 39411 
10. 39382 


10.393 54 
10.3932 
10.392 
10. 39268 


239239 


10.39211 
10.39182 
r0.39153 
10.39126 
10.3909) 
10 39069 


66 Degrees. 


O 2 


Min © = whe wie 0 


[ 168 } 


— — 


3 A n 


A Table of Artificial Sines, 


—— 


24 Degrees. 


95900 
2119-6152219-95954 
22 9.61550 95948 
2319-01578 13-95943 


2419-51606 [9.95937 
25 9.61634 95931 
26 9.6 1662 95925 
2719-6168919.95920 
$28[9-51717[9:95914 
2919-61745 [9-95908 
39[9-51 773 [9-95902: 


Sine. 


96039 9,6506210. 34938 
719.61 129[9.96034(9-65096| 10. 34904 
| 9.61 158[9.96028 


9.64855] 10.351 42 
9.64892] 10.35108 
9.64920 10.3507 4 
9.64960 10.35040 
9.64994] 10. 35006 


— un.— 


9650 10. 34972 


965130110. 34870 
9-65164|10.34336 


— A 
9.65197] 10.34803 
9-£52311 10.34769 
9-65265110.34735 
9.65299] 1034701 
9.65333] 10.34967 


9.65366110.34634 
9.65400] 10. 34600 
96434/034566 
9558701034533 
96550 [10.34499 


96553534465 
9.65568] 10.34432 
9.65602] 10.343 

9.65636} 10. 34304 
9.65609 10.3433 1 


9.55705 10. 34297 
965736 10.342064 
9657710. 34230 
965803 10,3499 
9-65837] 19.34163 
9.65870] 10.341309 


Secant. 


10.0g06g 


Tang. 


— 


65 Degrees. 


| 


10.0397 
10.03933 
10.03938 


10.03944 
10. 03950 


18.3975 
10.0396 1 | 
10.03967 ! 


1003972 


10.03978 | 
10.03983 
10. 03989 
10.003995 
10.040601 
10.04006 
10.04012 
10.04018 
10.0403 
10. 04029 
10. 04033 


10. 04040 
10 04046 
19.04052 
19.04058 
10.04003, 


19.04075 
19.04081 


10.a4086| 


10.04092 
10.040g8 


1038955 


10.3909 
10. 39040 
10.3901 2 
19.3898 4 


10.38927 
10.38899 
10.38871 
10.358 42 
10.38814 


> ID 4 
10. 38786 
10. 38758 
10. 38730 
10. 38702 
10-3867, 
10.38646 
10. 28618 


10.38 590 
10.38 562 


10.285 34 
10.38 506 


1938478 
10. 38450 
10.38422 


| 10. 38394 


f — 5 
Secant. 
— — 


—— a , 4 - - # [4 
/ 


— — — oc 
, 1 


* - * 


50 


1288221482 88 


42 
44 


47 
49 


43 9.62131 


145 962186 


282255 


9.62104 


621 59 


62214 


9.62241 
9.62268 
9.62296 


9.62323 
962377 


99520209. 


9-958 37 
9-35831 
9.95885 
995879 


9.95873 


5.95868 
9.95862 
995856 
9495550 


„9.95845 


995839 
9.95833 
9.95827 
9.95821 


995815 
9.95810 
9.95804 
995798 
9-95792 


9-95786 


9.95780 
995775 
9.95769 
9.95763 


995757 


48619-95751 


9-95745 


295739 
6819-95734 


9-95728 


| Sine. 


10.34130 
10.34096 


10.3 4063 
10. 34029 


10.3399 


10.33962 
10.3392 
10.338 
10.338562 


10. 33829 


10.337 

825785 
0.33729 
10. 33696 
10. 33663 
10.33629! 
19.33596 
10.33563 
10.33530 


10.33497 


10.33463 
10.33430 
0.3337 
10. 33364 
19.3333 I 


— — 


10. 33298 
10.33265 


10.33232 


10.331 


10.331 


1033133 
Tang. 


| 


| 


| 


10.0 4098 
10.04104 
10.04 109 
10. 04115 
0.04121 


10.041 27 
10.041 32 
10.041 38 
10.04144 
10.04150 


10.041 
10.041 
1G 04167 
10.04173 
10.04179 
10.0418 
10.04190 
10.041 96 
10.04202 
0.04208 


10.04220 
10.04225 
10.0231 
10.04237 


— — — 


10.0443 
10.0449 

10.0425 55 
10.0426 1 
10.04267 
10.04372 


[7 


6.04156] 


10.0421 4 


10. 38200 
to. 38172 
10.38 144 
10.381117 


10. 38089 


10. 38061 
10. 38034 
10. 38006 
1.37979 


10.379581 
10.37921 
10.37896 
10. 37869 
10.378411 


22 14 
10. 37787 
10.37759 
0.37732 
10.377044 


10.37677 
[0.37650 
10.37623 
t0.37595 


10.37568 


10. 37541 
10.37514 


10.37487 | 


19:37459 
10.37432 
19-37405 


65 Degreer. 


8 


Secant. 


10.38227 


Min. |, 


» ww + ww | — — 


— 


— 


— 


— 


[ 


110 J 


A Table of Artificial Sines, 


— 


25 Degrees. 


— 


Secant. 


10.330657 


10.3 3034 


10. 33133 10.042721 10. 37405 
66900 10.33 100 10. 04278 1037378 

to. 42841 10.37351 
10. 04290 0.37324 
10. 33001] 10.042960. 37297 


10. 32906 10. 04302 
10.329350. 4 
10. 32902 10.043141 10. 37216 
10.3 59 10.4325 


10. 37270 
10.37243 


N 


10. 37189 


2 10.328372 19.043261 10-37 162 
10]9-6250519.95068 10.32804]10 043324 109037135 
119 62392 [9.95663 10.32771010. 43380. 371058 
219˙62918 [9.95657 10.327381 0.04343 10. 37082 
31952945 [95651 19.32705[10.04349[10-37055 
.62972[9-95045 10.326731 1909-04355 [10-37a28 
62999[9-95539| 10.326 40 10.04351 [1037001 
.63025419-95033 9- 10.32607] 10.4369 10.36974 
9-6305219-95627 (0.32574] 1909-04373 [10-369 
1849-03079 [9-95621 10-32542] 19-04379 (40. 36ga1 
1949-63100 [9-95615 10.32 509 10. 04385 1.36894 
63133[3-95909g 10. 324761904391 | 10-36807 
2119 ©315919-95 10-32444] 19-04397 [3030841 
219 6318619.95597 to. 3241110. 04403 [40.3684 4 
3192321 31995591 10.32378|19.04409|10-36787 
419 ©3239 25535 6765410. 32346 to o4415 35. 
2549-03206[3-95579 [10,3231 3019-04441 [49-36734 
9-0329219-95573 19.32251 19-04427 10.3708 
719-0331 919-95567 10.32245| 10-04433 (40-36681 
93334519-95.551 [9-6778'5] 19-32215] 19-04439] 19-3665 5 
919 $3372[9-95555 [967817] 1932183] 19.04445 | 19-36628 
3019-53398 [9-955.49 50 19.321 50 120469 [1036502 
2 Sine. — Tang. Secant. 


64 Degrees. 


— . 


2 


[995519 


9-95513 


9.95488 
9-95482 


995397 
9.95391 
9 95395 


219-95378 


9-95 366 


42 


| Sine. 


9.6801 2 
968044 


968174 
9.63206 


6 968239] 


$95 42119-08529 
7019-9541 5,9 


9-95403|9-68626 


9.63658 


[$6872 


9.68722 


* 09154 
9.68786 
9.688 


| 


— 


; 


ö 


10.32 50 
10.32118 


10. 32085 


10. 32053 
1 


10. 10.31985 
10.31936 
10.31923 


r0.3 1591 
0.31858 


10. 31826 


| 
10.317 
dar 
10.31 729 
10.31697 


0.31664 


10.31632 
10.31600 
10.31 568 
10.31535 


[10.31 503 


[0.31471 
1.31439 
10.31 407 


10.31.375, 
10. 31342 


10. 31310 
131278 
10.312465 
10.3214 


8 $9.31 182. 


10.0 
10.045 18 


10.4524 
10.045 30 


10.0436 


10.045 42 
10.04548 


10.04554 
10.04560 
10.04567 


10.36207 
10.36180 


10. 36154 
10 36128 
10. 36 toa 


310. 36076 
10. 36050 


0. 36024 
10.3 5998 


| 10-35972; 


40.35946 
1035920 


| 10:04528 
1004634 


10.35 


10.358 42 
10.358:16 


10.3 5868 


[> w- of "WNN 


— — 
rs 


* 


. — 
> w » -— © |S aw © 


© C04 Own 


[9-545 45 [995279 


| 9.64809 


1— —ꝛ—ꝛꝛ—•—ñ—t — | — emer 


9.64826 [9.95211] 


Sine. 


96418495366 
9 64210[9.95360 

4230 [9-95 354 
9.64262 [9.95348 
9-64288 [9.95341 


9-04314[9-95335 
9.6433919-95329 
9-64365 [9-95 323 
9-64391 
9-6441719-95310 
9.64442 [9-95 394| 
9.64468 [9.95298 


9.95292 
25 286 


9645195 


9-64571 19-95273 
964 951 95267 
9.6 95261 
9 64647 95254 
9 64673 [9-95248 


9-04698 [9-952 42 
9-64724[$95236 


954756096223 
9.95217 


4351 [9-95204 
9-64877 [9 95198 
964902 9 95192 


9 64953 995179 


9-64749[9-95229{] 


9-64927 [9 95185 | 9. 


p-95 3179-690 


"Sine. | 


10.306543 
10. 30480 


10. 30385 


1041182 
to. 311 50 


10.306575 


10.305612 


10. 30445 
10. 30416 


10.303353 


[ 10.04727] 19:35 429 


Secant. | 


— — — 


10. 358 10 
1.35790 
10. 35704 
10.35738 

10.35712 


10.35687 
10.35661 
1035635 
ta 35609 
10. 35584 


1 —— — 


1.35558 
10.3332 
10.35506 
10.35481 
[0.354551 40 


10.04733|19-35404 
10.047 39 10.35378 
10.04746| 19-35 353 
10.047 52] 109.35 327 


10.04758] 10.35302 
10.04764f 10:35276 
10.4771 1.35251 
10.04777] 1035225 
10.04783] 0.35200 35200 


10.04789' 1035174 174 
10. 04795 
10. 04802 
10. 04808 
10.0481 5 

10˙482ʃ 


[10.35149 
10 35123 
10.3 5098 
10.35073 
10 — 


— 


36523/995110 
25725 995103 
9.6528119-95097 
9653 


965 
965430995059 


954 228085 


10 30226 
10.301905 1004827 
10. 30163 10.0483 4 
10. 301 32 10.0484 
1030100 1004846 


10. 30068 

10. 30037 
10. J0005 
10.2997 4 
10.29942 


— . — 
10.29911 
10. 298 
10.298 
10.298 16 
10. 29785 


10.9753 
10,297 22 
10.2999 1 


10.2955 9 
10.296283 


10. 29596 
10.429565 
10,295 34 
10.29502 


10.2947 


10. 29440 
10. 29408 
10.293727 
10 29346 
10.429315 
10.2925 3 
Tang. 


63 Degrees. 


8 


110.04 1 
10.0487 


10.0493 


10.049355 
0.04941 


10.0490 1 
10. 7 


10.049773 


10. 
10.0499 


| 


— 


10.04852 
10.04859 


10.04878 


10.04884. 


-30.048390 
10.04397 


10.04910 | 
10.04916 


10.04922 
10.04929 


10.04948 
10.04954 


— 
10. 04980 


10.049999 
10.0006 


10.056012 


10.3471 
10.3 


10.34544 
10.34519 
10.34494 
10-34409 
10-34444 


10.34420 
1934395 
19.343709 


ö 
q 


ö 


Secant. 


10.3475 
1034770 
10.3474 


10.3459 


1.34345 
583432 
10. 34295} 


IS » 4 awloaw 


* 
— 
Min. 


2 
. 


P 


of 10:29190] 10.050311 10.342211 


3 


565990 | 
90550415 994962 


— — — —  — 1 — 
59.6 hose 55950 ; 10 29283 10.05012, 9.34295 160 
119.6573019.9498 219. 3} 10:29252]10.05018] 10. 34271 | 
90575418 99975 2 0.9221 [10. 05025 0.34245 5 
$7 
6 


10:29199]10.050 


— —— 


92559498609 00:29127|19-05044; 19.34172}55 

$1 9-653: 319-94949 9 70 10 120014764 

6587506 94943 9: 76975} 10:29065| 10105057; 10.344 22153 
4567257 S 
196592719 9493019 709971 12:29003] 10:05070\10.34073[51 |. 
r0\ 9.65952 9-94924 2 ro 4972 —— — 70.4040 50 

15 96590399917 27108 0.48947] 10:05083; 10.340241 49 

12\9.6600119.94911[9.71 10.0509 40.33999} 48 

1349 9.94904 [9.71122 10.05096 |10.33975} 47 

14 9.6605 - .945898 971153 10.0 51010-33930 46 


1519.66075 19-9489 1]9.71 184 10:28816} 10.05109|10.33925] 45 
16{9.6609919.94885 | 9.7 21 5410-28785} 10.05116[10.33g0r} 44 
1719.6612419-94978|9-71 246 $19:2875 4] 10.05 122} 10.338786 
— 9.6 49er! 1222282 42 
59 6671 299% 85 9. 720 10.2869 to. og35 10.2382 714 


20 9.061979 948589 7398661100142 2233805 40 
21 — 9.94852 9.71 3700486 30 — 2 39 
66246 9.94845 % 74% 8600 10.061556 0 33754038 
23 966270 9.94839 |9-7143r]i2:28509] 10.05 161110.33730} 37 
24 (9.06295 66295 994822) 9:71 452} 10:28538] ro.o5 168} 40.337051 36 


* 25966319 995826 9-71 49; eas 5⁰ο 10.05174010.3368r} 35 
26 [3.66343}9-94819|9-7 : 524þ10:28470} ro.o5rBrÞ19-33657134 
2719-66368[9.94873 [9.71555 | 1028445] 0061873632033 
28 6639204 94805 9.71 586} 10.28414] 10.05 19gf10.33508] 32 
29 366476 94800 [9.71617 0.28383] 10. 0620⁰0.33584J31 

309.6441 2 971648 r 10. 3355930 


"Sine. 


66455 994785 
919847 


399476 


9907 
(224700 
9-94 


[9-94793, 917+648 i0.28352þ10.05 207 1833449 


e eee 


19721 


6 
59 71986 


019723 704 10.278 30 
1972301 110.27799 
4567[9:72232|10.37769 


— 


9 eee 832 19.0523416.33539 [2+ 
9$-7*709|40.2329 1 10.05220{10.33545 


9247734 971740} 10:28260410.05227 [10.3 21 


9174771] 10:23229[10.05233[10.33463 


—— = — — — — 
9/7 1804] 10.28 $4$10.05240[10.93438 [25 
9,748 42 $110.05247410.3341 4/44 
3j+0a$433h10.05253[10.333 
971894|10128106hr0.05260 Does ; 
| 774925 j10:28075 10.05267[10: 33344 þ21 
— — — — —-—L—ê — 
921975 19.38045þ10.05273 40.333 1820 
19.289144 10.05 28010. 3329419 
91720171 10.27g83} 10.05 286 [+t0.33270f18 
9$f72048} 10.23H52[10.05293[19.332.44 þ 1 
9 72078 1027922 10.05 300 +, 33226 þ 107 
———— — — — 
$73309410 27894110.05306{19-33497h15 
972 £39 þ12-272004 10.0334 3{t0.333 73/14 
L0.05 33GS$0.33149} 3 
10.05 326[T0. 33324512 
1205334] 33 701 
9 7220772700534 5078 ff 
$73393} 1087797} 19.05 346f19.33054} 9 
9:72323} 102797 719.05 353040:33030} 8 
$133354} % 360110.33006} » 
972384} 10.23616{10.05366}16. 32982] 6| 
9+7247 5} 10275854 19.05 333510. 32958 
973445} 10 a7y5$h10.053530410: 32934 
9$472479| 10.2752 4þ 10.05 386[10:32910 
9: 73507} 10:27 4944 10-95 39310. 32387} > 
9-72537} 10.27 403110. .05 40of 19, 33303} 
9725671 10,27433þ10.05407[1:323.39 


— 


—— — T— 


- 
4 
- * . 5 


62 Degrees. | 


P 2 


— — >. vo —— o op —— —e— N —— — _— ——᷑ĩͥ —ßã — — 2 ww 6. 
- 


b Ae hd 


on . A Table of Antfcial Sines, | 
| 


. 
—— — — — — — 2 n -+ 


28 Degrees. 


—— 2 wn - - — „„ = 


E 


827030 dc 10.32839/6 
47 9945 0,274021 10.6541 31 10.328 7569 
| 214652685 58438500 288027311 10034210 32792 58 
1 9255457 1725 1027345 [40.05427| 10:32768| 

. 22452 » 726 242 R 433[10.32744 
I 2 945609772 827256 0:55 410032721055 


827285 5 i 


3035 945550 7#5$6 [10127250 

0939716 94540975 0.27226 

| 673 5319-945 40 4527 d;27189 [4 

E247. 28. 829. . 
„945269797 HGZ THAN, 
9451997 0.2 


97s 


N 945! 


„ 
" 


10.342485 75 

e 10.3246 44 

26916 1005321710324 

869 94472 em 1 0.26886 — — 1 

£94455 4 2 
* 


14 115989877 
11413673 3916.94435f97 
286% ) 
1p 

6 


2 


ED ALI g| 


3 676 0 94451 [9173265 oabjgl 3 2 
$.9444519\73235ft 0:26765]to 065 
994438 973569 10:267 3510-05562 
$9443 119; 73296110:26705[45.05965 


99444/973326 1026670 40.09576 
. pe [73356110.26644} 10.05 583 
961þ-9441c 91933000 0.26614} 10.05590; 

38201hi9440419;334i6[10. 26584] 10:05596| 1 

1973445 to.26554h10.0 7 31 

7 $943 0 


a £03 


73476 f10.26524 1005611213430 


LLL. 
61 Degrees. | 


— — —— — 


+ 


-2 - - „ 


3® 

3119-67890 [9-9438; 
32/9-07913 [9-94370 
33 [9 67930 [9-94309 


3696806694349 
37 9.68229 9 94342 
438 [9-68052 
| 39 2.68075 9.94328 


| 49 » 68098 9,9432 


(4419-531 67]9-94300 


6780 9.94390 


342.2872824. 
156997882 9435009 


926333 


41 izr C 943149. 
4419-681 44 [943071 9! 


10.0560 
10.0567 
10.0562 4 
10.0563 
10.050638 


10.056645 
10.056551 
10.056 58 
10.0566 5 
1005672 


68199.94293 


- 


10. 26043 
0. 26013 


1.23983 


3110.05680 
10. 26 163 10.056693 


10. 261331100597 
10. 26103 10.05707 


——— 
0.26073 


10.05679 


10-0571 4 


10.057 21 ö 


[10.05 727 
110.05 734 
10.05 745 


9$:74256ſto0.257 44 
974286 
97437670. 25684 
934345] 25655 
924375}* 
= 


$ 


1025933 


5834 
804 


— —— 


1025774 
1025714 


10.056748 
10.056755 
10. 05762 
30.05 769 
— 2 
10. 06783 
10529 
10.05 797 
10.05804 
| 10.058 11 


0.25625 


r0:o5818 
: = 


10.32134 
10. 32110 


to. 32087 
10. 32064 
10.3204 1 
10. 32018 
0.31994 
10 31971 
10-31948 
10.31925 


10.31902 
t0.31879 
10.31856 
10. 31833 
10.318&10 


10.31787 
10.38 763 


r0.3474th 


10.317188 


10. 31695 


10.3 167 
10.3 1649 


2 
10.316034 
10.31 580 


10.3155 7 


10-3153 

| 1511 
16.31 48g 
£09.31.466 
10. 31443 


Secant. 


— 


— 


— + | 


ER 


2 
ow 2 0 


Min.] „ 


L 


* 


— 


9-94182/974375| 19-25025 


9.68716 95933 


9-68784[9-94112 
— 994¹j⁰5 
| 309.9409890 
9.688 


10.035928 
104912 
10.0949 


39-9495 519749t0 
9-9404319:74939!| 12500: 


| $058. 10:24942} 10.0 


* 
— ́— ID. — 


* 
—— 


+» 44 


1831033 
1.31013 


10 30990 
10. 30968 
10.309435 


5990 10. 3093 


10h 
10 0878] 
10. 308 56 


9009 10.3033 


10 3081 


— OO" 


| 


— —Q _—_ © 


WA wy 


us ww wal ww ln wwwwl wn | ; | 


—_ 


+* » + mn [nwnmnwnwY ww 


+» + Þ » 


( ng J 


Tangents, and Secants: 


29 Degreer. | 
— — 
8 Sine. Tang. 
buy =p "WP 
30 p-0923419-9397919-75264| 
32 p-6925619-93963|9-75294 2 
* 9 2 79 <td ID 
9-9930119-93945819-75383 
34 960 3 NC 2471 75 20.246 
3 D 
35525377] 92934/¼7543 
093051993927 [9-75 441 
9975470} 
9-75500} 
9-7 5529: 
— 
89469 938989755 79 
694299 938919.7578 
59501 %9388 49.7561) 
595239 938769.75647 
44 3-695 4515 D 
556738620 75705 
9-6558919-9385 519-757 5 
975784 
9.75293 
2329-25822 10-30345| 11 
9-75852 10.30323 10 
9-75881 10. 30301 9 
9-75910, 8910-30279] 8 
80419-759 of 10.30257} 7 
1-299 1.30235 6 
9.71998 70.302130 5 
9-70027 10.230973 0.06218 1030191 4 
9.76056 10.23944|10-06225 19. 30169 3] 
9-76086]10.23914|10.06232 10.30147] 2 
6 9-760115 19.23885[01.06240 1090-30125] 1 
719-937534 9-761 4410. 01-96247[10.30103] 
| | n ' — — — 1 — 
Sine. | Tang. | | Secant. |.« 
60 Degrees. * 


— 


5 
- | 
o[9-5989719-93753| 7027650 10.06247] 10-30:03 
t [9.69919 5537 10.2382) 10.0625 4] 10. 3008 
219.69941 [9493739 10.23798| 10.06262] 10.30059 
3195995393731 10. 23769] 10.062691 10. 3003 
4 419-93724 26 10. 23739 10.052706 10. 30016 
5 9.70006 [9.93717 10.23710] 10.06284} 19.29994 
19-70028 [9.93709 10.2368 1110.062911 0.29972 
719. 70050 99370 10.2265 10.062981 10. 29950 
$] 9.70072 9.93695 10. 2362310. 06305 10.29928 
g[9-70093 [9.93687 10.23 594] 1006313] i10-29907 
109. 70115 . 93680 10. 23565 10. 06320 10· 29885 
1119.700137 993673 46 10. 2353610. 06 328 10. 29863 
129.701 59 [9.93665 10.23 507| 10.06335] 10.298 42 
1319.70180 [9.93658 10.23478|10.06342] T0. 29820 
4] 9-70202 [9.93651 1.23449 10.06 350 10. 29798 
59.7024 9.93643 10.234200 10.006357 10.297706 
1619.702459. 93636 10.2335 10.063641 10.297553 
1719.70207 [9.93628 10.233621 10.06372]10.29733 
8 oats 9.93621 10.23333| 10-06379] 10.29712 
19] 9.72310 [993614 10.23304| 10.6386 10. 29690 
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1 0.22352 
10.422323 
1022295 


1 
10 22266 
10.232237 
10.22209 
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10 2752410 0685410 28378 
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0.07 241 


11027217 


1827237 


10.2797 


$0:27177 
10-27157 


60 
to. 275 3958 


59 


57 
56 


55 
54 
53 


52 


51 


» 


einen 


. . rr 


992595] 89447 


ob119-9258719-30475 
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54 [9-746 44 
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9-92094 
9-92080 
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9-92060 
9-92052 
9-92044 
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9-92018 
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10.17894 
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10.17339 
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10.17702 
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10. 25640 
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22 . — 2 ** 
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9 
E = | Sine. Tang. 


| 


| ers 
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10. 23569 
1023552 


1023534 


10.235 16 
10. 23499 
10.23481 
10. 23463 
10.23 446 


10.232428 
10.234T0 


10.22 393 
10.23375 
10.23358 


10.233340 
0.23323 
10. 23305 
10.23288 
10. 23270 


10.23253 
10. 23235 
10. 23218 
10. 23200 
1023183 


10.23165 
10.231 48 
10.232 30 
10.23113 
10. 23096 
10. 23078 


e ow 


10 


| Secant. 


54 Degrees. 


R 2 


Min. | 


( 132 J 


A Table of Artificial 


Sines, 


N 3 


WR 


lo ww 22818 ol une 


10 


0 


36 Degrees. 


Sine. 


9.76922 
9.76939 
9 7957 
9 75974 
9.70991 


9 77009 
9 77026 
9.77042 
9.770061 
9 77978 


FP OOO 


9.77095 
977112 
9.77130 
9-771 47 
9.77104 


9.77i82 
977199 
9.77216 
9.77233 
9 77250 


9.77208 
9.77285 
9.77 302 
9.77319 
9.77326 


977253 
9.77370 
9.77388 
9.77405 
977422 


9 77439! 


Tang. 


9.86126 
9.86153 


76898620 
986232 


986259 
986285 


9.86312 
9-86339 
9.90713|9 86365 
9.86292 
9.86418 
5 |9-864.45 
9.86471 
9.86498 


9.86551 
9.86577 
9.86604 
9.86620 
9.86650 
9. 86682 
3 [9.85709 
9.86736 
9.86-62 
986759 
9.8681 5 
46 19 868 42 
9 86868 
9.86894 


9.86921 


9.361 79 


9 86524 


| 


10.1 3874 
10.13847 
10.1 3821 


10.13794 
10.1 3768 


10.13741 
10.13715 
10.1 3688 


10.1 2662 
10.12635 


10. 13609 
10.13582 
10.13556 


10.13529 
10. 13502 


10.713475 
10. 13450 
1013423 
1013397 
10.133770 


1013344 
10.13317 
10.1329 
10.13264 
10. 13238 


10. 13211 
10.131856 
10.13 158 
10.13132 
10.131800 


Tang. 


—  — — 


10.09204 | 10.23078 
10.09213|10.23061 
10.09223 10.2304? 
10.09232: 10. 23026 
10. 09241 10 23009 


10.09 50 


19. 22991 


1009259 10.2297 4 
10.09209. 10.22957 
10.092 78 10.22939 
10.09287 10 22922 


10.09296 


10.09306 
10.09315 
10.09324 
10.09333 


10.22905 
10.22888 


10.22870 
10.22852 
1022836 


10.093 43 10.228 19 
10.093 5210.228011 


10.0936 
10.093 70 
10.092 80 


10. 09389 
10.093989 
10. 09408 
10. 09417 
10. 09426 


10. 09436 
10.0944 
1.09454 
10.09403 
10.09473 
10.09482 


10.13079 
— 


10.22784 


10.22767 


10 227570 


10. 22733 
10 22715 
10. 22698 
10.2268 1 
10.2266 4 


10.22647 
10. aa6 30 
10. 22613 
10.232595 
10.232578 
10. 22561 


53 Degrees. 


Secant. 


| Ar nr nee neee tile ww wie Let ww wilt 


133 J 


Tangents, and Secants. 


36 Degrees. 


r er 


[4219-77043 
(4419-7 7077 


4919-77761 


15119-77795 


(5419-778 


6019-77946 


| 


Sl Sine. 
= 


30{9 77439 
3119-77456 
3219-77473 
3319-77490 
3419-77597 


3519-77524 
3619-77541 
3719-77558 
2819-77575 
3919-77592 


4019-77609 
411977626 


431977660 


4519-77694 
4619-77711 
4719-77728 
43819-77744 


5019-77778 


5219-77812 
5319-77829 


5519-77862 
5619-77379 
5719-77896 
5819-77913 
5919-77930 


9.99518 


9.90480 


46 — 


9.90509 
990499 
9.90490 


999471 
990462 
990452 
990443 
9.90433 


9.90424 
9.90415 
9904⁰5 
990396 
9.90386 


990377 
298368 
990358 
9903 49 
9.90339 


9-90330 
9-90320 
990311 
9.90301 


9.90282 
990273 
9.90263 


987027 


990254 
9-90244; 
9-90235 


Sine. 


— — 


Tang. 


9.86921 


986947 
9.86974 
9.87000 


9.87053 
9.87079 
9.37106 
9.87132 
9.37159 
9.87185 
9-87211 
9.37238 
987264 
957250 
927317 
987343 
987369 
9.7395 
9.85422 


9-37 445 
937475 
9. 875⁰¹ 
987527 


9.87554 
10. 12420 


9.87580 
987606 
9.87633 
9.87659 
25 87685 
9.8 AD 


10.13079 


10.13053 
10.13026 


10. i 3000 


10. 12974 


10.12947 
10. 12921 


10. 12894 
10. 12868 
10. 12842 


— . cc 


10.1281 5 


10. 12736 
10. 12710 


10. 1268 3 
10.126657 
0.12631 
to. 12604 
10.12578 


10. 12525 
10. 12499 
10.142473 
10.124406 


10. 12394 
10. 12367 


10.12341 
10. 12315 


10.122891 


110.22442 


—— —U—ũ4 


10. 22561 
10.22544 
10. 22527 
10.225810 
10. 22493 


0.22476 
10.22459 


0. 22408 


— — — 1 


10.22391 
10. 22374 
1.22357 
10. 22340 
1022323 


10. 222 
+ 39 


10. 22054 


10.22 306 
10. 22289 
10.22272 
10 22256 


[0.22222 
10. 2220 
10221 
[0.22171 
10-221 54 


10.22138 
[0.22121 
10.221 04 
10.22087 
1022070 


Secant. 


— —„ 


Bn UW + ww | Ow wo 


Min.] O 


— * 


— 
F OY 
3 — =. 


n 


2 „ Po — Dy 


4 


, 
| 
] 


— 


_ — ©" n — ooo. 
— — * 


9.78230 0.90072 
9.73245 9.90063 


9-78230 90043 
9.78296 9.9004 


9.78329 19-90014 
9-78340 


9.78362 
9.78379 
9˙28395 
9 73412 


f 
; 


9.78445 


r Sen 


— wc 


| 


; 


54 


9.87711 
9.87738 


61987764 
06 9.87790 
9-878 7 


9.87843 


9.87869 


987922 


9-87948 
9.87974 


9 
9.88027 


9.88053 
9.88080 


9.88105 10. 11895 


1012262 
10. 12236 
10. 12210 


10. 12184 


10.127157 
[0.12131 
10.12105 
10.12078 
10. 12052 


10. 12026 
10. 1 2000 


1011974 


10.119497 
10.1 191 


9 88131] 10.118569 


9.8818 


9.88158 10.1 1842 


10.11816 


9 8821 of 0. 11790 


9.88236] 10.1 1764 
9.88263] 10.11738 


g.8828; 
9.88315 10. 11685 
g 88341] 10.11659 


8472 


9.8845 


4 


978428 pn 


IO.LLI7LEL 


10.11633 
10.1 1607 
10.11580 


10.115 54 
to. 11528 


98110. 11502 


N 


Tang. 


10. 12289 


10.0976 5 


10.097725 
10.0978 4 
0.09794 
10 03 
—— 


10. 09813 
to. og8 22 
10.09832 
10.093 42 
to. 9851 


10.0986 
10. 09870 
10. 09880 
10. 9889 
1.99899 


10. 09957 
t 0.09966 
10.09976 
1 0.09986 
1.09995 


10. 10005 
10. 1001 5 


0. 10034 
0. 10044 
10. 10053 


; 


10.10024| 


1022054 
0.22037 
1022020 
10.2200; 
10.2198 


O— 


10.21970 
ro0.21952 
I0-21937 
10.2I920 
10.21903 


10.21887 
10.2i870 
10.2185? 
10. 21837 
[10-21 310 


10.21303 
10.21 787 
10.21770 


10.21754] 


10.21737 


10.21 720 
10.21 704 
10.21687 
10.21071 
10.216564 


10.1838 
10.21621 
10.216035 
10. 21588 
10.213572 
10.2155 5 


52 Degrees. . . 


| Secant. 


5110. 10849 


10. 11502 
1011476 
10. 11450 
10.111424 
10. 11397 


10. 11372 
10.11345 
10.11319 
0. 11293 
10.1 1262 
— — 


to. 11241 
i 
10. 11186 
10.1 1162 
IO. 1 1130 


— 


10. 11110 
10. 11084 


— 


10. i 1022 
10. 11006 


10. 10980 
10. 10954 
10. 10928 
o. 1p 
0.10875 


10.1 = 27 


10. 10797 
10. 10771 


10. 10745 
10. 10719 
5 


10.1058 


[10.10288 


[10.10053 
10.10063 
10.10073 


10.1 2 
10. oog 
10. 10102 
10. 10112 
10.101421 
10. 10131 


9.10141 
— — 
10.101 51 


10. 101 60 
I9%10470. 
10. 10180 
1.10190 


1010199 
10. 0209 
10.1021 9 
10. 10229 
10. 10239 


10. 21555 


10. 21339 
10.2152 


10. 2 1506 
10. a 1 490 


10.214733 
10.21 457 
10-21 440! 
10.2 1424 
10.214082 
10.213914; 
10.21375}1 
0.21358 

10.213421 
10.21 326] 


$6.27 30g) 1 
10. 21293 
10.21277 
10. 21261 
10.21244 


a 10248 
10. 10258 
to. 10268 
10. 10278 


10 10298 
10.1030) 
10. 10317 
10. 10327 
10.0337 
10. 0347 


Tang. 


10.212228 


10. 21196 
10.217 
to. 21163 


10.211471 
10.21 131 
1.21114 
10. 21098 
10. a 0824 


10. 210661 


Secant. | = 


52 Degrees. 


10.21212]'9 


[ 


136 ] 


A Table of Artificial Sines, 


38 Degrees. 


— 


N 


775 


ieee e o . 00 0 1 


2 * 


50 


O * 


2 
p 


9.78934 
9.789 
9.78 

278983 


2289299 


279015 
9.79031 


0[9-8964.3 


89653 


7 19-396 34 
9-89624 


9-89604 
929594 


9-8g61 4] 9-89 


TM. 


10. 10519 


10. 10589 
10. 10563 


1010347 
10.103587 


10. 10366 


10. 10375 


10. 10386 


= 


10.10537 
10. 10511 


10. 10485 


1010459 
10.10433 


10.10407 
to. 10381 


10. 10355 


10. 1046 
10. 10426 


16-1043 


9-79047|9-38958 4 
9-79063 989574 
— — 


9-79995 19-895 54 

791 1219-895 44 
9-79128 [9.895 34 
9-791 44 89524 
9-7916019.8 


9514] 
9-791 76 [9.89504| 
9-791 9219-89494] 
9.79208 [9.89485] 
979224989475 
9.79240 9.89465 
9.79250 [9.89455 
979272989445 
979288 9.89435 
9.79304 9.89425 
9.793209. 8941 5 


9.79335 09-89405 
92935189395 
9-79307: 929385 
9-7938319-89374 
9 7939919-389304 

9794+ 519-8935 4 


10. 10476 
1.10480 


101049 
10920506 
1010515 
10.10525 
10.10535 


10.105 45 
10.10555 


10.10565 
10. 10575 
LOSES 


10.10595 
10. 10605 
10.106153 
10. 1066 
10.099651 10. 10636 
10. 09940 10. 10646 


10.103a 
10. 10303 
10.10277 
10.10250 
10.10225 


10.0199] 
IO.10L73 
10.10147 
IO.10121 


10.100g5, 
10. 10069 


10. 10043 
10. 10017 


10.0999 


— — 


10. 21066 
10. 21050 
0. 21034 
to. a2 toi 
to. za too 


10. 20985 
— 
10. 20953 
10.2093} 
| 22 
10. 20905 
o. 20889 
10. 20873 
10. 20856 
10. 20840 


10.20824, 
10.20808 
[0.20792 | 
10.20776 
10. 20760 

10.20744 


10. 20728 
10.20712 


| Sine. | | 


Tang. | | 


51 Degrees. 


2 


379.7952609 89284 
3819-79542 9 3927 4 


| 


109939 


1009914 


10709520 


10.09758 


1009422 
10. 09396 


10.9370 


6110.093244 


10.09 318 


110 09292 


10.094266 
10.09241 
10.002115 
10.0959 
10.091 03 


Tang. 


10. 10676 


10. 10686 


10.0980 10. 10096 
10:09784| 10. 10706 


10.10716 
10.10726 
10. 10726 


10. 10746 
10. 10757 
10 10567 


10. 10777 
10 10787 


10. 10797 
10. 10807 
10. 10817 
10. 10827 
10. 108 38 


0.10848 
10. 10858 
to. 10869 
10.108788 
10. 10888 


10. 10899 
0. 10909 


10.0646 10.205853 
10 10656 
1009888 10. 10666 
8110.098602 


10. 20569 
10.205535 


10.205 37 
10.20522 


; 


10. 20506 


10. 20490 
10.20474 
10.20458 
1020442 


— 0..t — — 


10. 20427 
10. 20411 
10. 20395 
10.20 379 
| 10.203604 


10.20332 
10.20316 
10. 20301 
to. 20285 


10. 20269 
10.2025 4 
10. aoa 38 
e 
| T 0.20207 


{10.20191 
10.20175 


10. 10919 10. 20160 
10.10929 10.20144 
10. 10940 10.201289 
10. 10950 1020113 


—— 


Secant. |. 


51 Degrees. 


10.20348] 


Min. e » IIS Fl OO 


( 138 ] 


A Table of Artificial Sines, 


he 


39 Degrees. 


Tang. 


9908371009103 
9.908630. 09137 
9.90889 [10.0gT 11 
9.9091 4 |10.09086 
89009 [9-90940, 10.09060 


999 [9.90966 
9-90992 
9.91018 
9-91043 


991095 
9.91121 


— 


10.09034 
1 0.09008 
0.08982 


10.089557 
0.08931 


0.08905 
10.8879 


991147 
0.91172; 


10.9853 
0.08828 


| 


Secant. 


10.10950 
to. 10960 
10. 10970 
10. 1098 
10. 1099 
10. 11001 
10.110111 
10.110322 
10. 11032 
10. 11042 


10.110562 
10. 11063 


1a 11073 
10.110683 


8906 997798 1008802 
591224 91224 1008776 


991250 
71 


991353 


9 91424 
2991430 
991456 


319 91482 
991507 
9.91533 
9-91559 
9.91555 
9.91610 


| 


99130110 08699 
9.91337 1008673 


0.087 50 
1008724 


1.08647 


557379 


1008621 
10 08596 
10.085 70 


1008544 


10.08 518 
10.08 493 
10 08467 
10.0844 
10.0441 5 
10.08 390 


| 


Tang. 


10. 11094 


10.14104 
1811114 
10.111425 
10.11135 
1011145 


ꝛD1;:— —— — 


10.111506 
10. 11166 
10.111 76 
I0.11187 
[0.11197 


10.20113 


10. 20097 
10. 20082 
10. 20066 


10. 20050 


19.20035 
10.20019 
1 0.20004 

10. 19988 


10.9973 


— 
1019942 
10. 19926 
10.1991 1 
40.19595 


10.19880 
0.19864 
10.9849 
10.198 34 
10.19818 


10. 19803 
1019787 
19.19772 
10.1975 

10.1971 


10. 11207 
10.11218 
0.11228 
to. 11239 
0.11249 
0.11259 


10. 19720 
10.19710 


1019625 
gl 


18. 19604 
1019649 


Secant. 


50 Degrees. 


1391 


Tangents, and Secants. 


£ 39 Degrees. 


Tang. | Secant. 


—ͤ— —e— — 


99161008910 11259 110.1954930 
9.88730 9.91636 10. 0836410. 11270110. 19634129 
— 4 10.08 338 [0 11280110. 1961828 

91688 0.08 31210. 1129110. 19603 27 
988699 [9-9191 2] 10 082870. 11301 [10.19588] 26 
[9.88688 9-91739}10.08261110 11312f10.19572]25 
9.88678 [9 91765} 10.08235f10-11322110.19557] 24 
9.88668 9.91791 % 8209 10.11332|10.195 42|23 
19.88657[9-91816{ 19.c8:184[10-11343[10.19527| 22 
97886479 91842] 10.08158110-11353Þ10.19511}27 


9.88636 [9 91868] 19.081 32[10-11364|10.19496|20 
9.88626 9.91893 i0.0810710.11374[10.194%11 19 
9.8861 5 [9.91919] 10.o8081 10.11385[10.19466] 18 
9.886059, 9194510080550. 1139510194501 17 
9.88 59499190710 080290. 1140610. 19435116 


557858 57995 10.08004[10.11416[10.19420] 15 
9.88573 9 9202214 10.07978[10.11427 10. 19405114 
9 88563 9 92045| 10.07952110-11437[10.19390] 13 
9.885529 92073 10.07927110-11448[10.19295| 12 
9.88542 [9.92099] 10.07901 10.11458[10.19359] 11 
19 88531 [9.92125 10.078750. 1146910. 19344 10 
9.88 521 [9 921 500.0785010. 11479 10.193 29 
9.88510 9 92176] 10.07824|[10.11490[10.19314 
19.884999 92202 10.009810 1150110. 19299 
9.88489 92227 10.0773 [1-115¹¹ [0.19224 


9-88478 [9 92253 10.07747|10-11522[10.19269 
988468 |9-92279| 10.07721[10-11532|10.19254 

0.92304 10.07696 10. 11543 10.19238 
9.88 447 9.92330 10076700. 11553 10.19223 
9.88436 9.92356 10.07644 [10.11 504 [10.19208 
719.88425 [9.92381|10.07619[10-11575[10.19193 


Sine. Tang. Secant. 


50 Degrees. $ 


— 


_— 


fu SPM SN DW VU WwwSeow] ow GOO! 


Fl 


_l 
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40 


A Table of Artificial Sines, 


40 Degrees. 


* 


ul 


os 
© 


9. 80987 9. 88298 
9.81002 [9.88287 


10 981047 88255 
8 n 


9.81136[9.88191 
4 5105s PRI 


9 57180 988158 


N 9.9238 


9 92407 
9-92433 
992458 


: 9 92484 


992510 
992535 
9-92501 
992587 
99 


992663 
9 92689 


12f10.07398 
9.926 38: 


10.07593 
10.07567 
10.07542 
10.07 516 
19.07 
10.07 


10.07439 
10.0741 3, 


10.0736 
1007337 
1007311 


, 3 — 


1057519 


92715 
92740 
92766 
9.92792 
99281 
3992843 


10.072865 
10.07 260 
10.075234 
10.07208 
10.071183 
10.071 57 


7 


2 | 
992894 
9.92920 
992947 


99292 
292995 


93022 


9-81 19519-88148 [9.93048 
.881 3719-93073 
9.81225 [9 88126 9, 93099 
— — 223125 


9 0.07132 


1007106 
1007080 
19.0705 $ 
10.0709 


10.11585 
10. 11596 
10. 11606 
10.1 1617 


>] 10.11628 
5110.1 1638 


10.11649 
10.1 1660 


10.1 1070 


10176870 
10. 11692 
10.1 1702 
19.11743 
10.11 72; 


10.14 734 
10.11745 
10.11756 
10. 11766 


10.11 TOC 
10.118009 


110.11874 
10.11885[ 1,1876031 


2 0.1876 3⁰ 


10.118 
10.11 
10118 


5 


I0.11575 


10.19193 
10.191 78 
10.19463 
10. 19148 
10.191733 


s has T9 
10.19118 
10.19103 
10. 19088 
£9.19073 


10.1 8 
— 2 


1019043 
10. 19028 49 


10.19013 4 


10.189284) 
— 2215 
10. 1896845 
10.1595 3] 44 


10.18939 43 
10.18924| 42 


1011777 10.1 890g 41 
10.11 788 10.1880 40 


10.188793 
16.188643 


10.1180 10.188937 
— . 1818834 36 


;110.18820 35 


0.18805 34 


4 1016790133 
10.18775|32 


— Fi 


24 I oe 


— 


— — 


—— 


ks... — a * 


r / . 2 oe hee ER, 


— 


Sine. 


30 


3210 31234 
3319-51295 
34 981314 
9.81328 
9-51 34} 
3719-8: 358 
38 19-81 372 
39 


4949-81 402 
4119-51417 
4219-81 431 
439-81 446 
44 9.81461 
45 (9-81 475 
9-81 490 
9-31 505 


47 


981254 
31.812609 


81387 


m 


1993175 


319 93598 


| — 


9-93150 


9-93201 
9-93227 
993252 


9-93276 
9-93303 
9-93 329]! 
9-93354 


9-93400 
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Navigation New Modelled: 
OR, | 


| The WHOLE ART Performed 


BY A 


NEW METHOD: 


TEACHING 


The Young Mariner all the Sea-Terms, with 
a Deſcription of a Ship compleatly Rigged, 
her Ropes ſeverally deſcribed ; with all uſe- 
ful Tables neceflary in the Art of Navi- 
GATION. 


This New Method is performed without Tables or In. 
ſtruments, teaching how to keep a Reckoning both in 
Latitude and Longitude : 

ILLUSTRATED WITH 

Practical EX AMY LES of keeping a Journal, and correcting 

it by an Obſervation; with a new Way of finding the 


VARIATION, and Time of Hich-WATER, at any 
known Port. | 


LIKEWISE 


A new and eorrect Method for finding the Longitude in any Place of 
the World, any Day at Noon when the Sun can be ſeen, without 
any Regard to or D. pendance upon the Dead-Reckoning, as alfa 
Current-Sailing. 


* Ld 


By HENRY WILSON. 


— — — 


. 


Printed by BOULTER GRIERSON, Printer to the King's 
Moſt Excellent Myeſty, — 
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erer 


1 Shall hare give you n of 2 this, with her rigging, 
that ſo you may not altogether be a ſtranger to the names of 
the maſts and tackle at your firſt going aboard a ſhip ; and then 
ſhall give you the 3 of the moſt uſeful W 


1. The enfign | 31 1. The main-top - fail - er. 

2. The mien-vane. 4 e * 

3. The mizen-top-ſail. | 32. es. 

4. The 1 33. The poop-lanthorns. 

34 The main-top- ſail-brace. 
a. The mizen-maſt. 


| n 'The ore” * 

- [c, The fore- 

il. d. The bow-ſprix. 

\. Mizen-tap-maſt and running 
_ Rigging. 

12. The fore-vane. a. The mizen-top-maſt. 

13. The fore-top-gallant-ſail. |. The „ 


14. The fore-top-ſail. c. The mizen - top-ſail - clew- 
15. The fore-fail. ed line. | 

16. The jack. The mizen- top-ſail- ſheet. 
17. The ſprit- ſail-t The mizen-top-fail-lifts. 

18. The ſprit - ſail. - The mizen-crow-foot. 


8 


* 7 
22. The e- b. The main-top-gallant-lifts. 
23. The | The — 
24. The fore-ſtay. J. The main-top-gallant-braces. 
25. The main-ſtay, e. The main-top-maſt. 

26. The ſtay. | 
27. The — — 


| 1 The main- * 
lines f 2 « 


the hawſe or hole, through which the cable belonging to the 


the deck, SIO the forcing heat of th fun in bot f. 
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—— — — 
n F = 
* 


1 


n. The 1 . The fore-braces, 
», The maln-lifts.” The fore-ſheets. 
„ The main-yard. . The fore-tacks. ' 


r. The main- braces. . The fore-ſhrowds. 
t. The main-tacks. oats. | 
The 9 The bow-ſprit, 
* Fre- mal. - The fj . 
£38 8 t-maſt. 5. The ſprit- ſai Etopſail-· lifta. 
8. beenden The ſprit- top: ſail- yard. 
c. The fore-top-gallant-yard. The ſprit - ſail-top - maſt - 


d. The fore- op- gallant- braces. th. xr 


Wh - op PENN 8 he ſprit-ſail-top-ſail-braces. 
The-fore-tap-maſt- e f e bs 
2 oy mage 17" cry hr avs * 
1 The fore - top-ſail- braces. g. The ſprit-ſai | 
4. The fore top- ſail- cle w · lines. b. The horſe on the bow- ſprit. 
J. The fre- top- ſail- leech- lines l. Standing - lifts for ſprit-ſail- 
x. The fore- fail-bunt-lines. | _ TE 4 
n. The fore-lifts. m. The fprit-fail- 
0. The — 1. The ſpcit-ſail- 
F. The fore-leech-lines. 9. The — 
7 The fore-bunt-lines. | 7. The crane-line, 


An explanation of the moſt uſeful ſea terms, 


A. 
F or abaft, fromward the fore part of thei fins. or. 20. 
ward the ſtern, as the maſl bangs aft, that i is, towards the 


Eine chear ye fore and aft that's how fares all your ſhip's 


company ? 
Amain, a word wfed by « man of war to his enemy, and 6g. 
vifies y ield. 
| n that is, lower your t 
| The anchay i « peel, that ſignifies the anchor is right under 


anchor runs out. 
Tbe anchor. 7s r that is, havgs up agd down by the 


' hip's ſide. 


The anchor is foul, that is, the cable is ahout the fluke. 
"Ft awning, a" fail of the like, fupported like a 


mates. 


* 
— 


3 B. 
To hate, to lade the water bea awd beck 


an 


r 


rare £& © 


8. & 
1 cr. - 


> 


i 
thi 
2a 
* 


. 
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Nur the ballaſt, divide or ſeparate it. 
The bullaſf ſboati, that is; runs over from one ſide to another. 
To bare with the land; &c. to fail towards it. 
To batter in, that is, to fail before or with a wind into a har 
bour or channel. 
pit of ordnance oe ome ts ear, that is, lies right with 
mar 

Bedr ub, a term uſed in eonding the ſhip, when would 

n Fo * 
8 put her right before the wind. 
2 to make faſt any runmiing rope. 
” able; is to make it faſt to the anchor. 

Tkew, convenient ſpace to moor a ſhip in. _ 

4 bighry any. part of the rope between he end- 
| The bilge, the breadth of the place the ſhip rell, od when, the 


is a- ground. 

The ſhip ts bilged, that is, the ſtruck off ſome of her timber 
on a rock or anchor, and ſprings a leak. 

A bittical or binnacle; that whereon the compaſs ſtands. 

A bitter, a turn of acable about the bits: 

The bites, two main ſquare pieces of timber, to which the 
cables are faſtned when the ſhip rides at anchor: 
A bonitiet, an addition to another fail; when they faſten ir 
on, they ſay, lace on the bonnet ; and whan they TS it off, 
ſhake off the bonnet ; it is very rarely fa ned to any other, than 
bs * muZzen, main, "fore-ſailz and ſprit-fail; and thoſe fails are 
called courſes, as main-courſe and bonnet, not main-ſail atid 


bonnet. 
. 2 n dut the clue of the ſtud- 


ED 

and: board, a term uſed when two ſhips eme ſo heat 
as to touch one another. 

Ty go @ board, to go into a ſhip. | 

Fo mate a board; ir board it up, is to turn to . 

Te break bulk, to eren the hold, and take ont goods thence! 


is bringing a ſhip to lie down IP one ſide, while 


Cereening, 
they trim and caulk the other. 
 Caulking,. is driving of ockham, ſpan hair, and the like, 
inio all-che ſeams of the ſhip, to keep out water. 

To chaſe, is to purſue another ſhip, and the ſhip ſo purſued 
ls called the cbaſe. 

.. atk att dec » Bip, is 
to direct a perſon at the helm how to feet her. if the ig ge 
before the wind, then he who ciins the ſhip uſes theſe terms 


to him at * belm « * r 


| * 


292 A Explanation of the 

is to put the helm to the ſtarboard or tight fide, to make 
ſhip go to the larboard or left; 2 
ry to the helm. In keeping 2 aear the wind, theſe 
terms are uſed, hoof, heep your he, Fall. not » Veer. no more 
keep ber to, touch the wind, have a care of t ee-latch.. To 
make her go more large, they ſay; eaſe the belm, ns near, bear 
ub. To — her upon the ſame point, ſailing large, they uſe, 
eddy, but upon a wind, thus, thus,” as you go, and the like. 
the E ng, quartering,' weering or large , are terms of 


tion, viz. that ſhe neither a wind 
before a wind, but betwixt both, - * 8 
The courſe, is that point of e ar the ſhip 


ails; alſo the fails are called courſes. 
Cut the ſail, that is, unfurl it, and let it tall down. TO 
"WWE — 


N Ne K e 
To di diſembogue, is to out of che mouth or firaits-of a gulph. 
To diſpart, is to find out the difference of diameters of metals 

bytwixt the breech and mouth/of f Piece of ordnance. | 
The deck ir fluſh fore and aft, that _ is 18 * * to 


lern without any falls or rifings. 


End for end, s thr ule whetm eoprouns all out of the block, 
ſo that it is unreeved; as when a cable or hawſer runs all out 
at the hawſe, we fay; th cable at the hawſe is run out end for 
F 
A fathom, a ; meaſure containing ſix feet. 
A fack, & apmbiecle of any rope queiP'd cable or wp neva. 
To farthet or furl a ſail, is to wraptit up cloſe together, and 
bind ĩt 77 little yp nas pre to the yard. 


g, is to oof; it a upon * cap, 
and in fight it is a token of yielding; _ e 
peQ. 


Tribe the fla 


"To beave out the flag, 540 wary it about the fia#. | 
Time ihe heat & Peips rey pump the water out. 


The / gage, is is ſo many foot as ſhe ſinks in the water; (or 
2 wo re 
Weatber-gage, is when rr 


. 
hn gates a little wind. * 


On⸗ 


moſt uſeful Sa- terms. 29. 7 
One ſhip gales away from another, is fair weather, when there 
is but little wind, that ſhip which bath moſt wind, and. fails 
faſteſt, is ſaid to gale away from the other. 

To grave a ſbip, is to bring her to lie dry a ground, to burn 
off her old filth, 

The ſbip gripet, that * turns her head to the wind. more 
than ſhe ſnould. 


H 

To Hale, is the ſame to pull. 9 
To over bale, is when a rope is haled too ſtiff, to habe it the 
contrary way, thereby to make it more ſlack. 
To bale a ſhip, is to call her company to know whether they 
are bound, &c. and is done after this manner, bog the jbip/ or 
only boa! to which they anſwer bae. Alfo to ſalute anot her ſhip 
with trumpets or the like, is called hailing. 
Freſb the bauſe, a term uſed when that part of thi: cable 
that lies in the hawſe is fretted or chafed, and they worild have 
more cable veered out, that another part of it may ref t in the 
hawſe-. When two cables that come throu two ſeveral 
hawſes are twiſted, the untwiſting them is ed vlen ring the 
bawſe. T hwart the bawſe, and ride upon the hawſe, arete rms uſed 
when a ſhip lies thwart or croſs, or with her ſtern befiore ano- 
ther ſhip's hawſe. Note, That the hawſes are the griat holes 
at the head of the ſhip, through which the cables rem when 
ſhe lies at anchor. 
The ſbip heels, that is, inclines more to one ſide — another, 
as ſbe beels to ſtarboard, that is, turns up her ana eater to 
lye down on the ſtarboard. * Huna 

To bitch, is to catch hold, or make faſt. A 
The hold of a ſbip, is that part betwixt the keelſon KI the 
lower deck, where all 85 ſtores, and victuals do lye- Rum- 
mage the bald, is uſed for removing or clearing the goads and 
things in the bald. Stowing the bold, is when hep tals goods 
into the bold. .. 
Ta. boiſe, is to hale or lift up, as boiſe the water in, boiſe up 
the du 
Hulling, when a hip is at ſea, and takes i in all her fail he is 
ſaid to bull.” 14 7 


The ſhip wake that is tools and tumbles much. 
Land-fall, is a term when we expect to ſee land; as we had a 
good Ae that is made the land, according to our reckon- 


ing. 
Londbocked, is when the land lies round 2 ſo that no 


point is open to the ſea. 8 
: T 4 Land-to 5 
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Land- te, a ſhip i is faid PR when the is at fo great 3 
diſtance: as. only. juſt to diſcern the land. 


To laſb, is to bind, as laſh the fiſh on the maſt, that is bind it 


to the maſt. 


ä that. in de the mixen - fail; change the mixen, that is, bring the 


Launch, is to put out, as to launch a ſhip, i is to put her forth 
off the dock into the water, but it is ſometimes likewiſe uſed in 


a negative ſenſe, as when a yard is hoiſted high enough uſually 


called a loud, /aunch-boe, that is hoift ne more. 
To la the land, is to loſe ſight of it. 
« The | 


„is that ſhore againſt which the wind Mews: 
Have à care of the lee · lateb, that is, take heed the ſhip go not 
— — al ber ſails 1 
A ſhip hes , is, yerh flat againſt the 
63 — 


l hath . 


yard to; the other ſide of the maſt 3 ſpeck the minen, that is, put the 


. gu i ; ſpell the mizen ; that is 


when 


the ſheet, and peek it up. 


Te moor: @ ſhip, is to e nene s 
tis moſt convenient for gh! <= rr ag | 


5 e eee 
7— * neither ſo high nor ſolew, nor ſo ſwift 
3s the ſpring tides. | 

A ſhip is beneaped, > tcrn.uled, when the waiter does mat Gow 


high enough 1 ip from off the arnd, er cut of 
NODE bar 


1 18 turning over, but if a 7 
* it is called overthrown. 


P 
8 is (aſter the fears is ne 8 


2 it a narro piece of canvaſs, and pear thereon hot pitch or tar. 


To 
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THe: moſt uſeful Sea-Terms. 295 
| To pay a ſeam, is to lay hot pitch and tar on (after caulking) 
without canvaſs. 


ſeem to- make the figure of St, 
To purchaſe, a Bip bears +4 +4, «- il draw 


times, as the capſtain purchaſes apace, „ the cable 
apace · 


Q 
Yyarter winds, ines ths bud cine ina. the main 
ſarouds even with the quarter. 
A quoil, is a rope or cable laid up round one fack above ano- 
ther, cen Jar Mercado. 


F rr axe ins paints of trad, thes 
le in a right-line one from another. 

To reeve, is to put a rope — =—__ and to pull a rope 
ct of» lock is called cen th 

To ride, when a ſhip” he hold her fa, ſo that ſhe does 
not drive with winder this, ſhe is ſaid to ride af anchor. 

To tide athwart, is to ride with the ſhip's fide to the tide. 


con and have equal ſtrength. 

To rode bawſe-fall, is when ina rough ſea the water breaks 
into hawſes 
A road, is any place near the land where ſhips may ride at 
anchor, and a ſhip riding there is called a rooder. 

Rowſe-in, 1 hale in) proper only to the cable or haw- 
ſer, ind is uſed when the cable or hawſer is flack, to * 
tight or ſtrait. . 


A ſail, beſides its proper fignification (as belonging to the ſe- 

reral yards, from which it takes its various names, as main- 

fail, &c-) it ſignifies alſo a ſhip, as when at fea we deſery a ſhip, 

e cry out 4 ſail, @ ſail; likewiſe, if we ſpeak of a fleet or a 

amber of ſhips together; we ſay the fleet conſiſted of 40 or 50 

ail, and not 40 or 50 ſhips. 

To ſorve a rope, is to wind ſomething about it to keep it from 

etting out. 

To ſeaze, is to make faſt or bind · 

The ſbip ſeels, that is when on a ne foe Les down on her 

de, — Sno one ſide to the _ * 

The fbip ſends, that is, her head or ftern in the 

ff gt ws of the ſea. deep 

To ſettle a deck, is to lay it lower. 

The ſip i ſeed, that's goed in_and out, an 
* To 


To ride a peel, is when the 8 


To ride betwixt wind and tide, is when the wind and tide are | 


-” 


| To ound, is totry with «line or other ting iow deep th 
| water is. - 
The ſbip bath ſpent t ber maſts, that is ber maſts: have been 
broke by foul weather; but if 2 ſhip loſe” kef miſt in fight, we | 
3 maſts were ſhot by the beard. | * 
lie, ropes," is to uncwilt two ends of "ropes, and then 
Wd, of qr _ TT 
of each rope through the other. 
The fail is ſplit, that is blown to pieces 
The ſhip jpoeme, that is, yore EI eee 
ſails. 
* tides, are the tides at new and full naoh, which flow 
' higheſt andebb loweſt, and run ſtr — 
The bowſprit ſterver, that is ſtands too-upright. 


Sheoving 18 


* 1 TR TCO, they Lining tir (roc- 
ton or wool. 


- Tack about, that is; bring -whe of, head about 10 le the 
cinta _ 

Talle oft the ſheets, a term uſed for ha hailing afr the ſheets of 
the main or fore-ſail. - 

. A windward tide, wheti e ee ee «116 

Aleeward tide, whkew the wind ind tide ge hotly ene way: 

A tide gate, where the tide runs 

To tide it up, is to go with the tide againſt the wind, and 
when the. tide alters, to he at anchor tilt-it ſerve again. 

It flows tide and balf tide, that is, it will 1 
by three hours at the ſhore than in the offing. 

To tow, is to drag any thing after the ſhip, 

To-treverſe, is the tip — 


N Fd 


v | 
To veer, is to let out; as veer more rape,” veer more ſheet. 


W.. 


n watt, that is wants ballaſt. 

To weather a ſbip, is to go to windward of . 
| To wind a ſbip, is to bring her head abqut.. - | 
wm winds the ſhip? that is, upon what Point of the com- 
paſs does ſhe lie with her. head ? 


8 - To would, is to bind ropes about the waſh of the like, to 


keep on a fiſh to ſtrengthen it. 


5 INS | | 
| The „ nen in and out, and does not ſteer 
* 3 1 | How 
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| likewiſe. uſed by merchants” when they ſow cotton wr -wool, 


FEET. MEM 


- 


and draw moſt. Thus 


;, and to manage ber i fight. 


4 33 | part of Navigation 
Eee none, 

at ſea, 
T. Although I haye not done. it, it is not that T have forgot 
how neceſſary it is to a beginner, but only becauſe captain 
hath treated of it, ſo full and well in that uſeful book of 


| bis, be Miners Maginines that I think it impoſſible to do it 


better. 
The wind is fur though bus lite, comes well 40 if it 
n ſail in the 


and be bleſt with 1 ſtay for no man: come 
my hearts, heave up your anchor that we 8 have a good 
prize ; come, 2 one and all 8 
r fail, heave out main- 
ts, the anchor i is away, let 
your fore-ſail, hoiſe up your fore-top-ſail, hoiſe up your 
— ail; up and looſe the main-{ail, and ſet him; ooſe 
fon it-ſail-top-ſail : a brave gale, bring the fore- 
tack to the 3 and trim our fails quartering ; hoiſe up 
our ſmall ſails, heave out the mizen-top-fail and ſet him; now 
we are clear, and the, wind like to ſtand ; hoiſe in our boats; 
before it is too much ſea, aboard main-tack, aboard fore-tack, 
0 lee the. helem handſamhly, and bring her too eafily 
not ſtay ; brace the fore-fail and fore-top-ſail to the maſt, 
hawl up the lee bayjaey, that the hi may not ſtay ; paſs 
pes for the boats on. the nd be” ready = 
* your tackle and hoiſe them 1 - ftow. them vn, let 
the lee bowlines of fore-ſail, and weather braces : ri 
Jour helm, hale aft the fore ſheet, trim the fails quartering as 
ore; looſe ſprit-ſail and hawl aft the ſheets, and hoiſe up t 


the 
ſprit-fail, .top-fail, and other ſmall ſails; ſet the main ſtay- ail, 


and fore · top · ſail· ſtay- fail, and mizen-ſtay-ſail, and main - toꝑ- 
ſail- ſtay- ſail, and lace on bonnets, har we may make the 
moſt of our way to our ſtation ; clear your ropes 7 come get up 
our ſteerin #-<% the lee Bow ne-ſaik of main-ſail,, and main- 
top-ſail, "2. fail, and 22 only, for they will ſit 3 
ou have a brave ſhip under all her 

eee the ſea ; and now 


[38 | Rick 


4 and ſet him: hawl aft the ie fore-ſheet 


„ An Explanation of the 


Right afore the wind ang a fFreſb 


. nd right ah, win your Be ge 
_ fai -ſai ore-top-ſai main-top-ſail-ſtay-ſa 
for they are becalmed by the after ſails, and wil be. 
the wind blows a freſh and off tlic inain ther, and fore 
ſheets, ſquare your 3 take in your main and main-top-ſzj} 
fails ; L your boakbts RO nt ONS fore 
jant-ſails z in ſprit-ſail, and mizen-top-ſail, go the 
SA bow- 


1 _ home your clew-lines, caſt 
furled when it 


have all ohe Gmail in, 
3 to bear them. 
wind veereth forward ar and ſcanteth. 
The wind ſcanteth, veer out ſome of your fore and main- 
ſheets, and NE Roth, and let go your weather braces; 
top your ſprit-lail-yards : the wind it vecreth forwicd ; get 
aboard the fore and main tack, caſt off your weather ſheets and 
braces, the ſails are in the wies. hawl off main and fore ſheets, 
the wind is ſharp, hawl forward the mam bowline and fore bow- 
line, and hawl. up the main-top-fail and fore · top- ſail bow-line, 
and ſet in your lee braces, and her as near as ſhe will lie. 
Thus you have all the fails trim'd , and by a wind. 
. The wind blows friſting. 
The wind blows hard, fettle your fore und main 
two thirds of the maſt down, it is more wind, come 
both top- ſails, cloſe, come, ſtand by, take in = oh 
the top-ſails, bow-lines, and lee btaces, fer, rm 
851 in your weather braces, ſpill. the fails, hawl home he 
ail clewline, ſquare the P ws Now the- to #l home the wo 


p- ſails, 
down 
+ 2d - 


and you hve the drr | her low ſails, n 

It blows 'a florm. 
11 is like to overblow, take in your ſprit fail, fland by to hand 
the fore-ſail : caſt off the top-(ail ſheets, cle — 


linee, buntlines, ſtand by the ſheet, and brace, lower the 

aud furl the fail, here is like to be very — wind, ſee — 

your main hallyards be clear, and all the reſt of your clear 

and caſt off. (It is all clear) lower the main yard, —— 

your down hawl: now the yard is down, hawl ap the 
nets, lifts, leechlines, and 4.: bly and furl the fal 


upon 
clewgar 


hand'the mizen : the ip es ver 
ing before the ſea, than 


Sins or full 


ther, mind at helm what is s fact ts you 
wears bravely : ſteddy, ſhe is "before it: belay 


Py 
4 . 
a in. tl did af 
_ 0 
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hawl: it is done: the fail is 


go 


ſplit : go haw! down the yard, and 
the ſail into the ſhip, and unbind all the things clear of 
: ſtarboard, hard up, * port, port hard, more 
24 N a very fierce ſtorm, the 
ſea breakes ſtrange and dan ur Ang pap ay wet pr le 
2 ated of ihe whip-ſtaff, and help the man at helm, and 
mind what is faid to you : ſhall we get down our top-maſt ? no 
let all ſtand, ſhe ſcuds before the fea very well, the top-maſt 
being aloft the ſhi is the wholeſomeſt, and maketh better way | 
through the fea, we haye fea room. Thus you fee the 
. ſhip handled in fair weather and foul, by and large: now let us | 
f ſee Row we can turn to windward. \ 
The florm is over, let us turn to windward. 

The ſtorm is over, ſet foreſail and main-ſail, bring our ſhip 
to: ſet the mizen, the main-top-fail, and the fore-top-fail : our 
courſe is E. 8, E. the wind is at ſouth; get the ſtarboard tack 
aboard, caſt off your weather braces and lifts: ſet in the lee braces, 
and haw! forward by the weather bow-lines, and haw! them 
tight and belay them, and hawl over the mizen tack to wind- 
ward : keep her full, and by as near as ſhe will lie: how wind 
you? eaſt a quade wind : no near, hand no near, the wind 
veereth to the eaſtward ſtill ; how wind you? N. E. hard, no 
2 wind is right in our teeth : no near ſtill; how wind 


A your Fare. La and fore-top-ſail, drace i in upen 
eather —— : the fore-fails is a back ſtays: hawl main 
ber let riſe the main tack : caſt off your larboard 
go main-bowline, and main-top-ſail bowline: 
| the yard, hawl forward by the lardboard bowlines : 

1 * cloſe down in the cheſs-tree ; the ſheet. is 
ſe aft, bawl off all: hawl, get to fore tack, let go fore bow- 
line, and fail howline ; hawl aft the fore f. ſheet, hawl 
main bo line, and mai a 5 


Thus, 45 
And a N NE. Thus, ware 
E. the wind is at N. 

the lee 


hawl aft the fore ſheet, bring it down to the cat-head with 
8 : ſteddy- in your weather braces: the wind ſtands, 
you have the ſhip as at firſt, ſteering under all her can- 
vaſs, quarter wind: ſhe hath been wrought in all manner of 
weather, and all forts of winds.: therefore we will draw to a 
conclufion/ with a man of war in chafe and taking of her prize, 
and ſo leave this practick part to your cenſure. 
pb man of war in ber ſlatianm. 

Now we are in our ſtation, and à good latitude, hand your 
top-ſails, and fur} your main-ſail and fore-ſail, and brail up 
the mien, and let her lie at bull, until fortune appear in our 
horizon : up aloft to the head, and look abroad, 

oung men; look well to the weſtward, if you can ſee any 
Pipe that have baen nipt by the laſt eaſterly winds : a ſail, ſail, 
where? fair by ug: how ſtands ſhe ? te the ca „ and is two 
points upon our weather bow, and bath ber la tacks aboard : 
O then ſhe lies cloſe by a wind; we ſee her upon the decks 
— a good man to helm: up young men, and looſe the 
ſail, main-fail and mizen : ry preform aboard, 
heave out the main-top-ſail, fore-top-ſail, and the ſprit- 
fail; keep ber as near as ſhe will lie: 'hawl aft the ſheets, and 
hawl up y 


7 


- ſteer the better when you fit all quiet, b 
is too much by the head, the chaſe is a 
much the better, ſhe hath 


lines: the chaſe keeps cloſe upon a wind: k her open un- 
der our lee. eg ſee that wont have all — in readineſs, 
and that the guns be clear; and that nothing peſter our deck. 
—Down with all hammocks and cabbins that may hinder and 
hurt us. Gunner, is all our geer ready? is there ſtore of car- 
ridges ready filled, all manner of ſhot at the main-maſt ? is 
there rammers, {ponges, ladles, priming-irons, and horns, lin- 
ſtocks, wads, and. water, at their ſeveral quarters ſufficient for 
them? be ſure that none of our guns be cloyed, and when we 
are at fight, be. ſure to load our guns with croſs-bar and lan- 
grel, always obſerve to give fire when the word is given. 
See that there be half pikes and javelins, in readineſs, and all 
our ſmall ſhot well furniſhed, and all their bandaleers filled 
with powder, and ſhdt in their pouches : ſee that our mur- 
therers and ſtock-fowlers have their chambers filled with 
powder, and bags of ſmall ſhot. to load them, that if we ſhould 
be laid aboard, we might clear our decks. Starboard, the chaſe 
pays away more room, ſtarboard hard; veer out ſome of the 
main-ſheet and fore-ſheet : caſt off the larboard braces, ſteddy, 
keep her thus : well ſteered, the chaſe goes away room, her 
ſheets are both aft, ſhe is right before the wind : ſtarboard hard, 
let riſe main-tack, let riſe fore-tack: hawl aft main-ſheet, 
hawl aft fore-ſheet : we have a ſtern chaſe, but we ſhall be up 
with her preſently, for we fetch upon her hand going. The 
chaſe hawls up her main-fail and furls it, ſhe puts aboard. her 
waſte cloaths, ſhe will fight us: come up young men and furl 
our miain-fail, fling our main- yard, with the chains in the main- 
top : fling our fore- yard, put aboard our waſte cloaths, ſhe will 
fight us before the wind: I ſee ſhe is full of men, it is a hot 
ſhip, but deep and fowl : come chearly my hearts it is a prize 
worth fighting for: the chaſe takes in her ſmall fails, up aloft 


—_  . 


Ie. AAl# 
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and take in our top-gallant-ſails, ſprit- ſail, top-ſail, mizen-top- 
ſail, and furl the ſprit-ſail, and get the yard alongſt under the 
bowſprit : ſhe puts aboard her colours, they are blue traverſed 


aft 


with a white croſs, they are French colours, no force : boy, 
and put aboard St. George's colours in our main-top : ſtep 
a hand, and put aboard our ancient: call all hands aloft, come 
up aloft all hands : they are all up captain. 
Gentlemen, We are here employed and maintained by his 
Majeſty King GEORGE, and our country, to do our endea- 
vours to keep thys coaſt from piracy and robbers, and his Ma- 
bou- leſty's enemies; and it is our fortune to meet this ſhip at this 
hawl, ume: therefore I defire you in his Majeſty's name, and for the 
fore-· lake of our country and the honour of our Engliſh nation and our 
bow- ! ſelves, for every man to behave himſelf couragious like Engliſh- 
ines: men; and not to have the leaſt ſhew of a coward; 3 
e 


302 An Explanation of the moſt uſeful Sea-Terms. 
| ſerve the words of command, and do his utmoſt endeavour : In- 


broad-fide upon rs in his ſmall ſhot ; ſtarboard, gi 
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to God's hands we commit our cauſe, and our ſelves. So 


2 5 


not fire until he fall off, that the prize may receive our full 
bread-ſide, ſteddy, port a little; give fire, gunner ; his fore- 
maſt-is by the board; this laſt broad-ſide hath done great exe- 
eution ; cheery my mates, the day will be ours: he is ſhot a 
head ; he bears up before the wind to ſtop his leaks : keep 

thus; well ſteered ; port, port hard; bear up before the wind, 
that we may give him our ſtarboard broad-fide ; gunner, is 
there great ſtore of caſe ſhot and langrel in out guns ? ea, yea, 
port, make ready to board him; have you * 
able men with them: edge towards him when you give fire; 
bring your guns to bear amongſt his men with the caſe-ſhot ; 
well ſteered; we are cloſe on board; give fire, ſtarboard, well 
done gunner ; they lie heads and points aboard the chaſe ; come, 
aboard him bravely; enter, enter; are you latched faſt ? yea, 
yea, we will have him before we go here hence ; cut up the 
decks ; play your hand granadoes and ſtink pots; he cries out 
quarter; quarter for aur lives, and we wilt yield up ſhip and 
goed; good quarter is granted, provided you wilt lay down all 


your arms, open the hatches, hawl down all ur fails and fur! 


them ; looſe the latchings, we will ſhear off our ſhip, and hoile T. 


- out our ſhallop ; if you offer to make any fail, expect no quar- and « 


ter for your lives; go with the ſhallop, and ſend aboard the cap- 
tain, lieutenant, and maſter 4nd mates, with as many more 2 the q 
the ſhallop will carry. So we will leave the man of war and bi ed; 
prize, and to ſecure Ms priſoners. Navigation | 
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CH ANI. = 
Navigation New Modelled; 
_ N 
The WHOLE ART performed 
NEW METHOD: 
e f ae L 


Rules and grounds of the method. 


bs order to the right underſtanding of this new method of Tri- 
gonometry, I ſhall proceed according to the uſual manner, 
and ſhall, for the help of memory, lay down ſome fundamental 
rules or axioms, upon which the whole operation depends, and 
by which all the caſes in Plain Trigonometry, both right and 
oblique, may be ſolved, without any book, table or inſtrument 
whatſoever. But before I come to the axioms, I ſhall premiſe, 
that whenever a ſide and an angle is given, to find another fide, 
(which is the firſt and moſt uſetul caſe in navigation) there muſt, 
firſt be a number found, which I call the natural radius, not 
only becauſe it is the original, from whence. the ſolutions are 
ced, but alſo becauſe being found, it produces the ſame - 
anſwer in natural numbers, that the radius or fine of go. pro- 
duces in æ ſinical proportion; and this natural radius is thug 


METHOD the firſt. 


Take the angle whoſe oppoſite fide is either given or ſought, 
and divide four times the ſquare of its complement to go de- 
grees by 300 added to three times the ſaid complement, and then 
the quotient added to the ſaid angle is the natural radius requir- 
ed; and this rule is „ — 11 


— 
* 
y 
| 
1 
1 


_ 


— 
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* T HO A the” ſecond. 


all angles under 45, cod here * * 
three times uare angle (whoſe oppoſite 
fide is given or ſought) 4 4 ee 37:3. 
that is 37 20 the fum is natural radius required. 

This being premiſed the rules are theſe. 


91 the fn.  Taright-angled fangt. 


N An angle and « ſole given, to find another fide. 
The natural radius bears always the ſame proportion to the 
ſe that the an 4 das the natural radius was 
found) bears to its 
Therefore if the angles — be given, it is; as 
natural radius to 8 ſo the angle to its oppoſite fide. 
But if the angles and a leg EET ach, ne age to 
is oppolite fide, fo natural 


RUL E the ſecond. In right-angled triangles. 
: Two fides given, to find the third. 
The hypotenuſe is equal i 


the ſquare of the hypotenuſe is equal to the 
"adhd together ; of which ſee more in Plain Vain 


cal. 


RUL E the third. Ae 
The hypotenuſe and a leg given, to find the ather leg. 


Multiply the ſum of the hypotenuſe, and given | * 
— the ſquare root of the produẽt is the — 4 


quired. 


R UL E the fourth. In right-angled triangles. 
Three fides given to find an angle. 


Add half the longer leg to the hypotenuſe : then, as that 
ſum to 86, ſo the ſhorter P 21 


{ 


, 
: 
; 
; 
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and divide the product by the third fide, which is the 


95 


LY 


R U L E. fifth, lu oblique triangles. 


Three fades given, to find where the perpendicular muſt fall. 


| Multiply the ſum of the two ſhorteſt ſides by their difference, 
greateſt, 
and upon which the perpendicularis to fall : the quotient added 
to the greateſt ſide, or ſubtracted from it, ſhall be double the 


greater. or leſſer ſegment, on each ſide of the perpendicular. 


Add the ſquates of the biggeſt and leaſt ſides together, and 
from their ſum ſubtract the ſquare of the middlemoſt ; half the 
remainder; divide by the biggeſt ſide, the quotient is the leſſer 
ſegment, which ſu from the whole baſe, leaves the 
bigger ſegment. 

| See another way in Axiom IV. of Plain Trigonometry. 

N 
Plain ſailing by a new method. 
Shall now proceed to ſome examples in right-angled triangles, 


applied to Plain Sailing; and here note, that to avoid frac- 
tions, I ſhall propoſe the given angle always in whole degrees, 


that being ſufficiently exact in all uſes in navigation; yea, 


and a far more exact way, then reckoning by points, half 
points, or quarter points; one degree hc.ng a much ſmaller 

of a great circle than a quarter point of the compaſs, And 
Tall make uſe of degrees rather than quarter points, not onh 
for its exactneſs, but alſo becaufe it's a method much in aſe 
aboard of the men of war, to reckon the courſe in degrees, 
and not in points and quarter points. 


CASE I. Courſe and diſtance given, to find the diſſer ence of 
latitude and depurture. | . 


Nate, I ſhall in every caſe hereof propoſe the ſame queſtions 
that are inſerted in the ſecond example of each cafe of Plain 
Sailing Trigonometrical. ; 

A ſhip fails ſouth 25 degrees, eaſterly 96 miles; I demand as 


U 2 


Tv 
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| The operation at large. 

Note, Where both . required, chuſe always to find 

the leſſer firſt ; becauſe natural radius is more found, 


and then find the longer leg by Rule the Third. 
The rule I. 


Multiply by it ſelf — — 25fliſtance 96: ſo the heffer nople 
55 to its oppoſite ſide the 


96 

25 

The — 1875 480 320 

1875 divided by us is 1.875692 Neareſt which 40 f 

To which add 57.3 — is the departure 
—— r 

Sum is natural radius 59.175 

Or rather briefer — 59.2 

Which is exact enough. 


Then for the difference of longitude by rule III. 


The in decimals 7575087 The 
9 = 64 0 diff. of 
Their fom — — 136.5 latit. 
Their difference — — 55.5] 167(1175 
1169 
6825] (6) 
6825 
i 6825 
The produt — 7575.75} 


The departure is 40 ol fanned — 


latitude 8 7. 
CASE 


tu 


N 


Sect. II. Plain Sailing by a New Method. 30% 
CAS E . „ to find the 


A ſhip fails north 38 degrees A her difference of latitude 
120; her diſtance and de is required. 

Here the fide oppoſite to the bigger angle is given, therefore 
we muft make uſe of Method I. to find natural radius, be- 
cauſe Method II. ſerves only to degrees under 45. 


38 38 41405776037: Becauſe the fraction is ſo 


38 3 I 636 great I ſhall call the quotient 
— — — 44 verry wy dy the big- 
304 11 94 ger angie 52, ſum 66 is 
174 * a the natural radius, 
1444 414 : 
RR, 
5776 


Then by RULE 1. 


As $2, the greater angle, to 120 its oppoſite ſide : ſo is na- 
tural radius 66, to the diſtance required. 


Then for the departure y RULE III. 


Diſtance 152 20 
66 Diff. lat. 120 3704093 departure 


Sum — 272 81 


Difference 3à 183) 604 


——— 


— 


7920 
544 549 
52)7920(152 
272 816 (55) 
120 
— — wes | Product 8 704 


= diſtance 152. The departure 93. 


U 3 CASE 


IY 


th es Mts | , 
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and 

CASE Il. — to find diflance, and 


- A ſhip ſails north'rg degrees eaſterly, her departure Ya mils; 
T demand as above. 


Here the ſhorter leg is siven; therefore I ſhall find the na. 
tural radius by Method II. 


'Three times the ſquare of the given angle is u | 19 
this divided by 3 _ ON cutting.off - 19 
three figures to t quotient is 1.06338 — 
which becanſe . rn n 


above 5, I add one to the 


which is 2 


I 
cypher, ad hen ul te quent r, which added —— 
to 57.3, the ſum 58.4, is 2 1 
- $4 8 3 
Then for the diſtance, by Rule I, © 1.083 
As the angle 19, to its oppoſite ſide 72 : ſo natural radius 58.4, 
to the diſtance, 
19)4204(221 The diſtance 
1 
Then find the difference of latitude by Rule ll 
Diſtance —221 | > 
Departure —72 4365 7(209 
Sum — 239 — — — 
Difference 149 4000365 
409) 3264 
2637 — — 
1172 (393) 1 
293 The root 208, but the fraction being fo 
urge, 3 it 209, „„ 
* | 


CASE 


* ” l * 


S. Au Seibng hne Mew Methed.@— 209 
CASE IV. Diftance and difference of latitide: given, to f 
courſe and departure. * 


A ſhip ſails betwee .the north and eaſt 117 miles, her diffe. 
| rence of latitude 102 miles; I demand her courſe and departure · 


For the departure, by Rule III. 


30500563 


1 
880 | * . 
| 220 (55) 


168.5)4773-0(22 The courſe aß 6g degrees, 
| 1403.0 which is almoſt 3, viz. 28 de. 


r 


. $50 


476%» 
CASE v. Diftance and departure given, to find the reſt. 
A thip fails in de fouth, weſt quarter; 124 miles, her 4 


i 


"$0 © Plain Sailing by « New Method.” Chip. 1 
departure 93 miles; I demand her courſe and difference of la- 


- For the difference of latitude, by Rule UI. 


i The ſquare root of 6351 is 79 or. 80 (becauſe the remainder 
£ r io is more than the root) the difference of latitude required. 


Then for the courſe, by Rule IV. 
| dence —- = — 
DBD 


. 
Dr 
A thip fails in the porth weſt quarter, an her difference 


CASE YL 


P 
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2 
| For the diflance, by Rule II. 2 


ros ſquare of diff. lat. — 
. ark E 


SECT. 118 


* 


How to al the coo in iu pin rant by this new 


without ang can, book, 7 


the ſol tion of Ob T th 
P. he lt oof Trans by thine mak 
ular let fall, in which obſerve : 


triangles, by a perpendic 
_ Let it fall from the end of a given fide, and oppoſite to the 


will ſometimes fall within, 
; when it falls within, it falls upon ſome 
ener ef the bets; or longeſt ſide ; but when it falls 
— 117 of the ſhorteſt ſides continued ; in 
either caſe, there is two right-angled triangles produced, and 
then the angles cog of ſds ooght ae found they were part of | 
9 triangle. CASE 


* 7 


* 


Obligie Sailing in a New A =Chay.1 
CASE I. 


the angle at A 30 
Given TID T TOO C. 


312 


Here the perpendicular falls from the end of the given ſide 
BC, 1 2 2 
Fi 8. the e is given the angle at and 

e the fide BC, to find the fide C'D, which bein 
Rt Ag nds the angle at A, and 
the fide DC, to find AC, the fide required. 

I ſhall not trouble the reader with the operation ng 
Mtucal radius, it having been often enough repeated in the for- 
mer Ay wy e 
the angle 45 is 63-62; Ore, as to 290; 
0 45, n — CD. * 


45 63.62)13050.00(205- The de CD a 


. — 


Now in the triangle ADC, is given the angle at A om, 
and the fide DC 205, to find AC. . 
The natural radius found by Method II. for the angle 30 is 


* gle at A ſide DC, ſo 60 t 
an to oppoſite U 
the hypotenuſe AC require. * Pro 
ö The fide AC required. Hypot 
Half © 
. * Sum 
CASE Il: 
\ = de ſide AB 560 
- Given 84. 
.  C theangleB450 


Here 


ect. II. Obliqut Sailing by a New Method. 313 
Here the perpendicular falls without, upon the fide 

tinued, and in the triangle BDA there is given the „ 

angle at B 45, and the hypotenuſe AB 560, to find Fig. 496 

AD, which being found you have given in the 

triangle CAD, the hypotenuſe C A, and the leg A D, to find 

the leg CD, and the angle DAC; and by — the angle 

DCA, and the angle BCA. in their proper caſe of right - angled 


5 The 
3 | operation. 
The natural radius for the given angle 45, is 63.62, as found 
by Method I: therefore, as 63.62 to — 5503 ſo 
the angle at B 45, to fide oppoſite AD. ; 


di | | 
— 560 63.62)25200-00(396 the fide AD. 
for OC ... 61140 
2800 > .. . 
2240 . .6.48 | 
25200 
Thos you have AD 396, and AC 410, to find CD by Rule 
thus: 


Side Ac — 410 5 48 * 
Side AD — 396 11284(106, the leg CD. 
1 | 
| Sum — — Yo6 | 
om. Difference — 14 20)012 


5 806 2 
— 123 
0 1 Produtt — 11284 _ 
ad. Then for the CAD. by Rule IV. 


Hypotenuſe AC — 410 As 608 to 86, ſo 106 to the 
Half of the leg AD 198 angle CAD. 


. 106 608 | 
608 os i Dn | 


* ng 
9116 


*** 


5 e CAD 2 — pL 
is 14 $34 or rather 1 degrees; which ſu. 

_ tracted from leaves ACD, 7 ä trated 

from 180, leaves 105 degrees, the angle — 


CASE III. n ec 


In the whole triangle BDA, you have given the angle 

43, and the h cage BA yh alſo by ARD 
. ABD, which is alſo to find the whole 
© ke the es. Seer 
BD is equal to AD, bm —— | 
the ſecond operation in Caſe Il. ſubtraQ it 


BD 396, the remainder 290 is the fide BC required. 
CASETV. 
the fide AC 410 

* 


the fide AB 560 required the angie 
e's. LR ne 


the triangle AEK, is ven the zagle 
b AC 410, to find i 
is found to be 205, and therefore 


peat the operation. in the ſame triangle ACE, there i 
given the fdae AC 410, and CE 205, to find the fide AE by 


Þ © +» 


„ 3355. the leg AE. 


* bl 


Sell. . Oblique Sailing by a New Abl. „%% 

- ov. ho 1 
Given as in caſe IV. to fnd the third fide BC. | | N | 
| Although this is the fifth Caſe in the Tri 


yet the fide BC is neceſſarily found in Caſe IV. — 4 
at B can be found; and therefore, although the operati- 2 
os in Caſe IV. be ſontewhat tedious, yet both the fourth and 1 
Caſes are included in it. wat | 
CASE VI. . 
AB — | 
AC — G10 require the angle at A 
BUY — 20 


Find AE by the rule laid down in Axiom IV. of F; 
Plin Triangles. As the baſe AB 560, to the ſum of 8. 31. 
the other two ſides, 700 1 ſo the difference of the ſaid ſides 120, 
to the difference of the ſegments of the baſe AD 150, as by the 


os 2 


60 120 a edge To the half diff. 55 add the 
_ * half baſe 280, the ſum 355 is the 
baſe AE ; but foberaed, 

difference is —— baſe 


= N 


AC 410, and AE 
t A by Rule IV. | 


is given 
wag 


42075(205 
405002073 
2025 


30 


The ſquare root of 42075, 
a 


— — 


3 E 
ASE X | n Hypotenuſe . 


* . * * * pi 
. * 


96: . Chap. L. 
rak the longeſt es 4 
Their fom — 587-5 | 

An 58544 to 86: ſo CE 205, to the angle oppolite-at A 30. 
2-1 _- R 


— 


opera 
R's wien i 10 make the method comple, Þ being 

les are wanting, and of ſufficient exactneſs 
SED — uſes in navigation; but the right-angled caſes, 2 
performed hereby, I ſhall recommend to the reader, as a thing 


e and as — * method 


Effe, EY ES OE ODPEEOFDDR Sy u 


SECT. IV. 


How to find the » and keep @ reckoning both 
3 latitude longitude, 52 this new metbod of trigonometry, 
as applied * eq without the belp of any tables or in- 
1 middle latitude, which is of 
ſufficient exafineſs for the wo g ſo ſhort a diſtance as a day" 
run, and — of great uſe in navigation. 


. may remember, that in Middle Latitude Sailing Tri- 

gonomical, there is a proportion for finding the Adee 

of longitude : which is, as fine complement of middle latitude, 

is to the departure; fo is radius, to the difference of longitude. 

Aud therefore in Middle Latitude Sailing Geometrical, one way 

which I have propoſed for projecting - Middle Latitude Sailing, 

is, by conſtituting a a plain triangle, whoſe angle at 
' the baſe is equal to the complement of middle latitude, and tt 


perpendicular is equal to the departure: and then by that known 


„ 1 6 : . 


4 


SR. IV eee ** 


of oppoſite ſides, oppoſite angles, i neceſſarily 
e —— 

5 granted, 

itude, but only the ſolution of the 


Sabie the dference of Ion 1 
1 of which you 
Sent inflabers in the fix caſes of Plain Sailing be- 


ſaid right-ang ed triangle; 
2 g: where two being given, the other two 
Lo a7 E K* 


have had fi 

that 
3 I ſhall inflance _— 
ae ie fake, which I ben firſt work 


Ir do for 


being there found to be 87, and the 40x or 40.5. and 
therefore. rr 
. and conſequently the middle latitude, found by 

and caution laid down in Caſe I. of Middle 
Trigonometrical is $76 17m. and the 58 re 
— is 32d. 43m. by the fare- F; 
going directions, is — the — AB 8 52. 
wherein the angle at. A. is equal to the 449 of middle 
latitude 32d. 43m ; and the ſide oppoſite BC, is equal to the 

40-5 ; both which are given to find the hypotenuſe 
AC, equal to the difference of longitude required; and here 
the ſide e to leſſer angle being given, I ſhall find natural 
radius by ethod II. And here obſerve, that although in 
queſtions of Plain Sailing, you need not regard minutes in the 
angle of the courſe, becauſe whole degrees are exact enough to 
keep account of a ſhip's way; yet in this caſe you muſt not 
omit the odd minutes in the angie; and therefore _ the 
minutes to tenths of a degree, accounting 6 minutes for 
tenth of a degree, and 12 for two tenths, Sc. And then 42 
minutes is 7 tenths; and. this angle being 32d- 43m. I ſhall 
call it 42.7, vis. 32 and ) tenths, it being but one minute more, 
which cannot cauſe any great erer in the operation. 
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32 required, the proportion is, 
As the angle 32-7 is to its op- 
fry ſide 40.5 ; fo is natural 


60.5, to the hypotenuſe 
327)24502(7438 


1612 


Divided 


1000, the product i 2450.25 


3-207, = is CO 
to call it 3.2, which added The of the multipli- 
37.3 the ſum is 66.5, the na: zation is but 2450, the other 


tural radius requi > figures but a decimal 
fraction, are to be cut off; but becauſe the diviſor 32.7 is a de- 
eimal, I add one figure to the dividend, as you ſee in the opera- 
tion above. 
The difference of longitude is 7445, which without exactly 
regarding the fraQtion, may be et down 75 : and this operation 
may be performed with great eaſe and readineſs, with a little 
practice, although I bare here ſet it down in words at large, to 


make it more intelligible. 

The ſame queſtion anſwered by middle latitude ſailing trignone- 
IND dGerexce of laiitude and departure; dad conſequent 
the latitude come to, with. middle latitude and comple 4 
ment of middle latitude as in Caſe I. —— 
Trigonometrical, which will be found to be as above expreſſed- 

2 Then for the difference of u. 
A — — 973278 
* 1.60745 
— ——10.00000 
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The foregoing queſtion enfecret Mercator ſailing, v; 
I ND ference I. latitude, ang conſequently the | latitude 


ercator's Sailing Trigonometrical, and 


Ee come ic is 36d. 33. and the departure 

40h 07 405. 

titude failed from . 

9+ come to 4 merid: 2 2 

Merdonaldiference of hu — — 16 
Ten, .o. 1 
Jo prope ae. 97 — — S$06048 | 
To merid. diff. of latitude 161 _ — 2.40682 
80 is the departure bs — 1.60748 
* 149 — 1.87494 


And thus you fet the exa& t of this with the true 
ion, as performed by Mercator's Sailing ; it not differin 
from it fo much as one quarter of a minute in longitude, in 
great a diſtance as 123 miles, and in 4 latitude ſo near the pole 
as $8 degrees, where there is much” more danger of contracting 
ttle . o 
tial. 
to — 
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Praflical Navi pation; or the applickiion of he foregoing 
ur rules tu the — keeping of. a reckoning, n to 
* the ſrveral kinds of . 


— Tur Waben 
that take upon them the charge of conducting a ſhip from 

one part of the world to another, which may properly de called 

part of navigation. 

firſt is 2 TE underſtanding of the compaſs, with the 
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chor, or ue to wait f , 
hat fail to make to ſave your-tide, if you fear being too 
late n theſe four things.I ſhall handle in this part, and that in 
| as may be intelligible to the meaneſt capacity 
and maſt uſeful as well as moſt eaſy to be put in prattice at ſez. 
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by. the ſun's azimuth, or amplitude ? 
not being attainable by any but them that have 
of aſtronomy ; and being alfo treated of in 
trouble the learner with them, but pro- 
Which is this: _ * 

and deſire to know the variation of the 
your quadrant about $8, 9, or 10 a clock, when 
ſun is near about” half up from the horizon to 


you w | 
board) 


Aran res s rg rs 1058 Docs Pug no 


» 
F wv 
: 
* 
= 
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pole in the afternoon I find, when the 
bears weſt. ſouth weſt ; now 
and weſt fouth weſt, is ten 
points, which reckoned 
weſt, it falls upon the ſou 
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Ve 


veſt ſouth 


point he compals point the true ſouth point, and the 
diſtance betw eſt point (which. is the true 
ſouth); and the 
falſe ſouth, 7 
n of and. becauſe he magnet! 1 1 
de ? ſouth, therefore magnetical north is weſtward from the 
. une north. Hence I conclude, that the variation is one point 
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pro- . In .this caſe there. is only this caution to be obſerved, viz. 
that this « tion be not made when the ſhip is running 
the fat. northwards or ſouthwards, which may make ſome aal 
* error dilcermble ; for if the ſhip ſtood ill, the 
| to ſun, xe exactly the ſame altitude at 8, 9, 10, in the 
, 2s _ forencon, that i eee but 
if the ſhip fails very taft to the ſauthward in north latitude, or 
to the northward in fauth latitude, ſhe raiſeth the ſun a little, 
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texnoan_ than at 8 in the morning, and may cauſe ſome error, 
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to uſe a glaſs in 
when 
or another of the 
any other, as & true 
glaſs alſo too 
proportion, wi 
earth, each mi 


is, 
but if the faults in the 


other; 
y, that is, 


line be rightly divided; 


log 


be ſo called) is by 
on of the error in diviſions 


divided, by a 
if the log-line be divided into 


be too ſhort, and the 


long, 
the 


which is the ſame) then the one 


it muſt needs make an error in the 
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in order to the keeping of a. true 
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Way of dividing the log-line that is commonly 


to one knot. Now it will 


that kind. 


- "for although the truth is beſt, if it 


ay, 
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ine to be juſt o foot: but how far that experiment 
of hints to be depend 88 n 
the ground, and te the way, and other incon- 
veniences, which he could only give allowance for 
to his judgment) and alſo how far that one foot in 31 may 
compenſate the way that the log makes after the ſhip, I hall 


not take upon me to determine. In the mean time I ſhall, 


with ſubmiſſion to better | rather adhere to the 
received and 
ufed by moſt mariners, I mean that of 42 feet, or ) fathom 
y be objected, that accord- 
ing to that diviſion For half a minute, - multiplying that by 
120, for f mile, and that product by 60, for 1 degree, there 
is by conſequence but 302400- feet in a degree which 
ſeems to contradiQ, and intoferably to vary from the opimons 
COT Ions He Dior wood,” 205 CONF en ptrhates men in 


I anſwer, it doth not contrait-them, at eme 
at hp oe 
I agree 


— — N ter, 
after” the ſhip, and that, A 


| footin gt. wok 


esd another "confjderation, - which may 
ſecond reaſon — — 4 —— 
line, is, becauſe if there is an error; 


_Exfor muff be, tis better that the 
than that the ſhip ſhould be 
better to Took out for land before we 


2 w- tx „ 
11 * > 


Fr ea 7 


Fir BIN ERS 2882 wm 


Sect. III. Haw to make a Plain Chart. 1 | 


But my third reaſon. is, the confirmation of this my opinion, 
by the daily practice and experience of many, i not moſt ma- 
riners, who uſe this way, and find the ſucceſs to anſwer their 
expectations, at leaſt much nearer than a much larger diviſion 
would do Tis true, oh py ty of glaſſes be fo much 
too ſhort, as to. countervail thoſe too ſhort diviſions. (if they are 
t00 ſhort) it were to be wiſhed, that the errors in one were * 
tied, and then the faults in the other might be amen 
till then I ſhall recommend that way of following 42. 29 
fathom, to one knot of the ſt Indeed i& it. be, as it is 
reported by ſome, that to make amends for the ſhortneſs of the 
knots,-the-glafſes are commonly made but 27. ſeconds: and if 
ſo, then af the glaſſes wenn regained aa inconrded from 27 ſe- 
conds to 30, — by the ſame proportion, ſhould be alſo 
increaſed. from 42 feet to 464 feet to one knot, which ſeems 
more agreeable to reaſon, and to Mr. Norwood's obſervation. 

Nats, When you divide the log-line you myſt allow 12, 15, 
or 18:fathom of ſtray- line, according to the bigneſs of your ſhip, 
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rol 


— 9 — befarg you begin to ſet out the knots, 


and there put in red or whit rag and from thence begin to 
divide the into knots- The reaſon of the ftray-line is to 
veer the log pretty well out of the ſhip's wake, leaſt the eddy 
e beg dier the dub. 2nd deceive You in your rec 
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1 being thus divided, and the half-minute glaſs 
examined and regulated, the next thing is to e a chart 
for the voyage intended; and of charts there are 
The firſt pealied a plain chart, in which the de- 
tude and latitiade are every 
of the earth, but rather ſup ſu 
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are parallels, and where eiual, as 
. L Oy Viet ext the 
in a Mercator's or WH hart, there is al- 
ion ory 4 * and a 

of longitude, in any parallel, as there is upon the globe 
Slates are extravaguiity diſtorted, eſpecial 

near the poles. 2 pers eee cn 
For the projeiott of tis chart, there ae two lities upon 
Guniter's ſcale, commonly placed next the bottom, on that ſide 
on whi logarittimetical numbers, Ghes, and tangents 

the tvs is x ſcale df equal parts; and the 
meridian line, by the e of which, if 
chart of all che World between 85 de. 
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equal and ſet from the Jaſt degree marked, 
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A er ies in the Whole chert 476 
longitude in the whole chart 540 


P 
rence of latitude 416, off any convenient ſcale of equal parts 
from d to , SI ns, br rs perpendicular to da, 24 10 
off the whole tifference of longitude 9 degrees, or 546 M: from 
to c, and from « to b, and draw cd; thus you have the whole 
ſubſtance of your chart. | 
Then ſet 60 of the ſame parts from d'to o, and from o to 1, 

» and fram x to 2, c. both upon the line de; and upon the fine 
DES Boy He es eee 
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+ the two places, and if your ſhip fail 
Rnces, in forms of a traverſe, as you 
Geometrical, and ſo you may every 
of the courſe and! diſtance from the ſhip to the plac 
| 6 for, according to Mercator, and yet tis done asecafily as in 
 Phin Sailing, 1 ſhall inffance in the fore-mentioned voyage. 
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e fon's diflance from the zenith, or point over 
erf fo. the nid i 7 
fitted vanes ſo, as that when you have the horizon right 
thy the i rr e 
the fame time from the top of the ſhadow vane to 
D of the horizon vane, 
mr _—_— the fight vane downwards, as you obſerve the 
fun to riſe, you find that the fun is upon the meridian; and 
then you have done your obſervation for that day. This done, 
obſerve what number A — herd or 65 
the ſhado w ſor 64) 


always the zenith diſtanee, which is to 
wks following „„ working an obſervation 


X How to work an obſervation 


HERE are but four caſes, or varieties in working 
ſervation, in whatſoever part 


latitude of the place is the diſtance between the equi- 
noctial and the zenith of that place. The ſun's de- 
| VS . clination is the ſun's diſtance from the equinoCtial: 
"* . ks Se rome Br cenith of the place, i 
3 the zenith diſtance or complement of the fun's altitude. Nov 
' if from © Z the zenith diſtance, you ſubtrat O E, the Tun's 
be; declination, there remains Þ 7; the ltinde of the place 
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diſtance to the fun's declination, the ſum is the latitude of the 
: for if to OZ, the zenith diſtance, you add OE, the 
's declination, the ſum is E Z, the diſtance between the ze- 


Example. 


Suppoſe the fun's zenith diſtance. © Z 35, the ſun's declina- 
tion © 10, if to © Z 35 the ſun's zenith Fig: 1 
you add EO 10 the ſun's declination, the u. 
ſum muſt needs be EZ 45, the latitude required. ; 
iety is when the ſun is between the zeyith and 
then the rule is fubtraft the zenith diſtance 
rom declination, the remainder is the latitude of the place. 


z@&@% 4x 


Ss KF. T 82A 9 S8 80 Ea 


The fourth variety is when the ſun is between the 
and the hortron, and then the rule is, ſubtract the ſun's 
complement of declination from the zenith diſtance, the re- 
mainder is the complement of latitude. | 


ba, le _ Example. 


Suppoſe the ſun's declination be 22, (its complement is 
the zenith diſtance 85, then from zenith diffance * 
2 85, ſubtract the complement of declination Fig 12. 
6, the remainder Z P 19, is the complement 

of latitude, which ſubtracted from go, leaves 73, the latitude 
uired. 
tbecauſe tis ſeldom that any fail ſo far north or ſouth, as 
that they can conveniently take a backward obſervation by the 
fun, under the elevated pole, in this cafe, it may be done by a 
e obſervation, and work with the ſun's altitude or height 
i | above 
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to the of declination, the ſum is the latitude ; thus 
if in the laſt exam | add the ſun's altitude, O O 3, to 
the complement on OP 68, the ſum OP 73, is 


- 


the height of the pole above the horizon, which is the 


for a back 


from 90 leaves the lati : 
Secondly, when the ſtar is between the equinoctial and the 


' mainder is the complement of latitude. e. 
irdly, when the ſtar is between the zenith and the elevated 
of declination, from the al- 
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g as dubious 2s wher! they firſt nh 

fluQation of the ſes to the fwift motion” 
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Hey dome thus: ſuppoſe 4 boat under fail, witk freſn ways 
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ſtill; the water {till retai aiting — meaſure its former mo- 
re tions Wi | run to the fote part of the boat, and by 
n, this they would ay oe ok demonſtrate, that the mo- 
n tion of the ti the motion of the earth: but - 
le to uſe no other" the corifutation of this ic ry 4 
er the abſutdity will his, that if the motion 
8 the earth were M original Me the motion of the tide, then 
the tide muſt neceffatily follow dhe motion of the earth, (or 
to our appearance the motion 'of the ſun) and conſequent- 
be nee be high water at one place, at one and 
fame of the "day; Wee 
dent to there no more to 1 
12 prove it. * 4 
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ive powers are ſeparated, as at” the firſt and haſt quarter of the 
moon, the influence of the greater is not ſo apparent, which Ws 
at the neap-tides. 

But tay third rexſow i, becauſe we ſee that the ſpring rides 
at the equinoxes, viz. in March and ember, are common- 
ly tides than the ſpring tides at the ſolſtices, wiz. in ee 
and :_ the ſun, and alfo the new and full moon, mov- - 
ing in or near the equinockial, in a right aſpe& to the earth; 
whereas their influence is ſomewhat im at the folſtices, by 
their more oblique poſition to the earth. All which ſeems plain- 
ly to'prove, that as the tides are regulated and — by 
the motion of the moon, ſo her attractive power, together with 
that of the fun when joined with ĩt, is the cauſe thereof. 

1 what hath been fai Eee, two grand ob- 
the firſt is, that if the governed by the 
moon, . if her attraction be — thereof, her diurnal - 
motion being from eaſt to weſt, it would follow that the flood- 
tides ſhould in all places fet weſtward ; but daily experience 
8 atzary ; for it ſets in ſome places ſouth, as upoa / 
„ England, 20d in ſome places north, as upon the 

coaſt of Holland; yea, and in ſome caſt, as in the Kii 
channel, 'which makes againſt my former aſſertion. 1 

A ſecoud obfection is, that if the tides be cauſed by FR: 
moon's attraction, it ſhould\be high water at all places, when 
the moon is the meridian che place, or that a north 
and ſouth ſhould” make full ſea in every place; but the 
contrary is Evident by the tide tables, and by the expericace of 


Al fattors. © © 


In anſwer to che firſt; big that the flood de ſhould tet 
weſtward in all places, (the anſwer to which will alſo partly im- 
ply an anf wer to the ſecond, vix. that it ſhould always be high 
water at any place, when the moon is upon the meridian of the 
place} I grant that if the tides be 6ecafioned' as before aſſerted, a 
then this Nen motion of the ſen, from eaſt to weſt, muſt” 
neceffagily follow, if this terraqueous globe were equally envi-" 
rioned with water, and that the aforeſaid motion of the ſea were 
not inter by the land; but it is evident, eſpecially where 
the ſez joins imm̃edia the weſt of any main continent, 
that iv flood cannot fet Weſtwards there, becauſe that would 
be ' right" from the ſhore ; as for example, ſuppoſe: the whole 
lind of E and Africa were all on the maĩm continent; and 
ſuppoſe the north cape of Pinmark, in about lat. 71 north, and 
the ſotith cape of Africa, in about lat. 34 fouth, were both un- 
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ed on the weſt with a ſtraight coaſt, lying under the : 
. that the two Te 8 228 and — 9 


under; now it is plain, that the tide cannot come from the eaſt- 


_ ward upon this weſt coaſt; but if the tide be cauſed by this 
weſterly motigh of the ſea, according to the motion of the 
moon, it muſt ſet weſtwards, about the porth and fouth parts 
of the ſaid continent, and ſo proceed from the north cape ſouth- 
ward, and from the ſouth cape northward, along this weſt coaſt , 
and the truth of this ſeems evident alſo from our common expe- 
rience ; for we find, that the flood proceeds from the northward, 

| ahox the coaſt of Norway, and there finding a paſſage, between 
Scotland and Norway, marches along the eaſt coaſt of England, 

and hence it is high water ſooner in 5 than in En 

and ſooner on the coaſt of the north part of England than on 
the ſouth ; thus it is high water at Aberdeen in Scotland, 
46 min. after moon's ſouthing, but at Tinmouth- Bar, not till 
three hours after, and at the Spurn 3 hours and 15 min. and at 
Cromer 6 hours, and at ;Yarmouth-Pier 9 hours, and at Har- 
which 10 hours 30 min. after the moon's ſouthing ; the tide, at 
the ſame time being rolling along the weſt coaſtof Scotland, and 
from thence to the 'weſt coaſt of Ireland, that | 
the north-eaſt part of Ireland, and the ſouth-weſt part of Scot- 
ing ſo narrom, that the tide finds little e; 
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xplanation; for find : 
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in-the common you hour of the moon' 
changing that month. vw ; 10 
Note,” N. ſtands for new-moop 3. F. for full moon. Example. 
I defire to know the moon's changing in June 1770: find 177 
in the left-hand column, and — 1 it, under June, you find. 
23.9. that is, the moon changes June 23 at ꝗ in the morningy 
and where, you find two numbers againſt one year, and under one 


month, the moon changes twice that month; as againſt 4769, 
I le J qhat is, the moon changes 
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A V IN G thus learned to find the variation and to work 
_ things 
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tbo reed 2x you oe in the Fig. 6a. 


| Then having ſet ſail, and got Som hf Rive and. our of the 
e Nr 
intend to take your departure from; and alſo, as near as you 
can, compute the diſtance you are from it, and then that courſe 
diſtance pricked off upon your chart gives rr 


ng " 
the helm for two hours, let him obſegve carefully what courſe 
ſteers by the compaſs, or if he be ordered to -upon any 
courſe, let him take care to mind it, and at the end of 
two hours let the mate heav the log, having one attending him 
with che halt-minute glaſs, let the mate over-haul off the line, 
(having firſt caſt the log with a few fakes of line into the ſea) 
the red rag come to his hand, and at that inſtant cry turs; 


1111 | 


away, turning the, glaſs, and watching diligently: when the 
8 ger gia Jul our the man that holds the glaſs cries 
; & mate and hails in the line, obſerv- 


y knots, half knots; and fathoms are gone 


'_ out, z it down upon the log-board, againſt the hour at 
which the log wal heaved, and thus every two hours 
2 and en the log board will be tull the next day 


i ä 
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che man with the ga, juſt» that word, as the red rag goes 


the 
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the log-board, with the day of the month at the take off 
the log into your book, and rub out the e 

fo is the board ready for the next day 12 
= voyage from a place in latitude: 54 8, north, to another place in 
F - HFEititude 57 50 north, and difference: of longitude 8 30 ſet fail 


| Auguſt 24, n e the log follow 


>. Nete,. Any-24 hours log, from r. is dated by 
29 which: it ends, and not upon the day upon which 


it begins; then if we ſet ſail Auguſt 24s that 24 hours eg muſt 
be called Au | the 2 r Sc. 


The ſhip ever two hours as you ſee in the lo 
on the other ſide, dd up all the knots together, the ſum 47 — 


ing doubled] berauſe vou beave the log but every two. hougs) i; 
5 add the 4 half knots, Which in this caſe are 
counted as 4 whole knots, uſe they are alſo doubled : * 
fam.g8 miles is the diſtance run that day.— The courſe is 
E. but hecauſe there is a point variation weſt, the true courſe 
is N. E. by N. therefore ſet down undgr the log——rmade good 
8 miles E. by N. 
your northing and eaſting, for 


Then kad che traverks table, 
| hrs and dance nd ſet tin the blank ſpace on the 
-— i. — rat Ay ſee done. 
| 5 A* 5, miles or minutes added to the latitude 
1 eg- min the ſum, is the latitude come to 5d. 
29m. he g's which ig placed after the $1 being but a decimal, 
or mile, need not be regarded) which ſet alto down as you 
fee:- 


v For the FEES ee vou may find it by the tra- 
| verſe table, the middle latitude being 55, its complement 35 
3 being found, and under it in the column of departure, find the 
3 departure, or eaſting 54.4 * the neareſt to; and againft it, in 

4 the caluma of diſtance, haye gs, min, or - 1d.—35 min. for 
3 of longiuade, made that day, all Which ſet down 


| * r is, in the firſt or laſt of the charts 
| thefore-mentioned,; which ate all made for this voyage : and firſt 

for the chart; wb ee thy upon a N. W. 
: NW. hne, it will reach. to. the 17 2, ix the place of the ſhip 
4 \Fequired ; or take the be; 5 4 made that day $1.5 
dee dee paint 2 4 or eaſting 54.4 in 
A another pair of compo ſſas foot of each pair of 
2 le ſb rat in 10 a the difference of 
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itude along the eaſt and weſt line AC, and that 
Jou have the departure along the north and ſouth AB, 
moveable will fall in a as before. 5 

To where. the ſhip is in the Mercator's chart, take 
latitude in one pair of compaſſes thus; ſet one foot upon 


ine d. in the latirude come to 55 29, which is at the point q, 
Z 4 and 


: 


ace in witch | 
line 


but by the variation allowed, viz. one 
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upd extans the other do any poralicl, « as ſuppoſe the line 
8 3 22 — 
rupning them para! to any north line, the 
meeting of their moveable points, wiz. at x, is the place of the 
ſhip required. —Note, the place of the ſhip at x, in the third 


chart is found either of the two methods which its found 
in the firſt. * * 


en, 


Ap rd o al pon wind, when hr tacks are abroad, 
ſharp braced, and is 


ſuppoſed 
be within x ons of the wind with eve 8 
ſails ſhe carries, VIZ. 


Al Gl fe E * ail only 
A top-fail in —2 | u main 5 
Both top- ſails in | | Under mizen only . — —6 


Try under main- A 
ſail and mizeny | 


| 1 ot lee way, I ſhall work the 
following examples; nevertheleſs, in lee - way muſt be 
allowed | according to j for ſome ſhips make more lee- 

way than others, with the ſame fail ſer, He. 

This example, Auguſt 26, hath two courſes, which muſt 
de reduced to one by the rules for workin + traverſe by the 
traverſe table The firſt courſe is N. the compaſs, 

it is N. E. by 

N. but the wind being N. N. W. — fix points of the 

eoyrſe, we muſt allow one point lee-way from the wind, which 

brings it again te N. E. | 
For the diſtance, add up the firſt fix numbis of hiv, dur- 
ing which time the lay upon that courſe, the ſum at doubled, 


| and the two half knots added, makes in all 44 miles N-E. for 
bo: ade. ge 


and a fea 3 pexats Lye a bull, al fail furled 
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By traverſe failing as performed by the table, * 
northing 46. o. and the weſting 4.9, and by caſe C208: oa 1 
the traverſe table, the diſtance made 2 
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ore, the ſurh 127 5 is the 
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let down as you ſee; alſo by 
s latitude, the ſum 56 15 is 
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| , It the poi 
alſo in the ſecond, which is a Mercator's 
tude and latitude come to by the method 
. firſt day's work, and their meeting or inter ſecting . «60: 
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- Note, In the charts 
2 diſtance, by another, as in traverſe Flag © N 
t ſhall not infert "that way, left it too much confuſe the 
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that the miſtake lies 21 and that when he thou 


diſtance I K miſtaken in his account, which is abſurd, and 


4 more examples — — 
2 or variation, the rule being the ſame when lee- 1575 


7 points, as when it is but one point, only 
r the makes her 


98322 it is, and the right way. Thus if a 


* good at W. N. W. Se. 


ly reckoning at noon, Auguſt 27, brings me into latitude 
7.714 but, by obſervation, which I muſt perfer before the 

reckoning, I find I am in latitude 57. 34. | Now to cor- 
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fault is more — 
to do in-the 
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Fig. 63. ti ill by this reckoni 
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Jet of Utitude D, E, F; 4 


tance AC to be right, ſweep the arch till it cut 205 
DF in F, and make AF equal — AC: e 
line AF is the line deſcribed 


on, whereas we 
thought it had been the line AC; ** it is abſurd to think 


an Id be ſo far miſtaken in their courſe-4s to. beer finn 
6 when he thought he had been ſteering from' A to C; and 
* muſt impute the fault to the diſtance, 
She he. 
ſteered from A to C, his reckoning was a-head of the ſhip, and 
that when he ſhould have been at C he was E NR 


ſpace EC being but a tolerable. miſtake in the whole diſunce 
But in a more eaſterly (or weſterly) caurſe, a 

ſail from. A Tl his conſe and ſtance by dead rekoning is oP 
Feier by the line Al, and the latizude come to hy the 


| G I, but by obſervation he is in the parallel of latitude 
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and the fault to be in the diſtance, we muſt continue the line 
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which hypotheſib aforeſaid, ns; ſufficiently proved and 


monſtrated. | 
s before-going, i in the three 


Note, Whereas in the 
days work of keeping a — 1 did for the 


on find my difference of longitude by the 

rule there delivered for that purpoſe; but yet | 
long, or near the pole, where the degrees if pour rope de 
much leſs, you may, if you diſtruſt tegees of lug s method, 
=> vi aeration; e 
poſition following. x 

The ſhip having ſailed from latitude 54.8, * 
the proper difference of latitude is 206, and the meridienal dif- - 
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--Dillerence 6f tude 188 min. or 3 deg. 2 min. the beg 
tude come to, —— but one minute from what is found . 
the traverſe table, although that is found at three nas. 
And now ſeeing 1 have in the former part ot this book laid 
down methods for the working the ſeveral cafes and queſtions 
in navigation, and keeping a reckoning both in longitude and 
latitude,- not only by given numbers, I have called 
Arithmetical Navigation, but alſo without any books, tables, 
or inſtruments, by a new method never yet -known, nor pu 
liſhed, I ſhall inſtance in-the firſt day's RAY Fo both 


works, —— ſeeing there are ſufficient examples gi 
each method — 6 5 
** navigation. 
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SECT. I Of currents. 


failing in a current it is very evident, that a ſhip doth not 
make her way gaod according to the courſe ſteered by the com. 
log, but being at the ſame 
time privately carried by a current, her true courſe and diſtance 
I of the courſe and diſtance failed, and of the 
motion of the current ; therefore where both theſe 


miles; 


not trouble the 
call them as i 
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e eren rf w rr we eee e 


To the difference of latitude 


Chap, HI. Queſtions concerning Currents. 371 
"when the — and diſtance ſailed, and courſe and diſtance 
made good is given, to find the courſe and motion.of the eat. 
rent. The third is, yhen the courfe and. diſtance made good, 
and courſe and motion of the current is given, to find the courfe 
and diſtance failed, and this is of great uſe when the bearing and 
diſtance of two ports or iflands are given, and the courſe and 
motion of a current between them is alſo given, to find how 
much to lay your ſhip to the windward of her true courſe, that 
ſo the ſet of the current with that courſe ficered = d 
her to the propoſed port. Me” | 2 


C AS E I Courſe and diſtance ſailed, 8 2 
of the __ given, to find the courſe and diflance made good. 


Geometrical — 


ow. 


A ftp fails SE. 100 miles in 24 hours in a current that tes. 
welt zo miles in the ſame time, I demand what is the true courſe 
and. Adlanee made good in 24 hours time. With the courſe 
ſouth eaſt, and diſtance 100 lay it down as in plain A geo- 
metrical, and then it will appear as in the triangle A 
BC, and the ſhip ſhould be at A; but becauſe the Fig · 64 
„ ſet off 30 4 
miles from A to D, becauſe from A to D is weſt ; then is the 
true place of the ſhip at D; therefore draw the line CD, then 
is the triangle CBD the true projection of the queſtion, with 
allowance for the current, in which the angle 29.86. is 
the true courſe made good, the hypotenuſe CD 81.6. the diſ- 
tance, the leg CB 70-7 is the difference of latitude, and BD 
40-7. is the — may be found by meaſuring them 
geometrically. 
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90.0 1000000. 
— 100 2.00000 


— — —— 


— 1.8494 48 
The departure is alſo 70.7 equal to the difference of latitude, 
hecauſe the courſe is ſouth eaſt, vez. at an angle 220 
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But 880 current hath ſet her rere 
ſame time, therefore ſubtract 30 from the departure found 70.7, 


. 00000 
current. 


Then you have the true difference of latitude 7 
— — . 


keene of Initude ah — 70. 7 —1.84948 


—ͤ — {1 ——— 90. 0 10.000 

2 — ͤ = 9955 

eee — t $76: 
| © Then for the diſtance LEY 

As fine of the courſe n 29.56— 9.69809 

To the departure | — 4 ; 609 


r i 80. 010.0000 
: — n 


Tv the Wiſtance made good — r 6== 1.91156 


Or the diſtance may be found thus, by caſe the fourth of ob- 


1 triangle BCD there i given the foe BC 100 


and the fide DC 30, and — — — 
bye the fourth of ede plum nad. 1 * 
2 * 
_ BY — the fider | — 70— 74509 
Scene of hall the fom of the 5 67. 
—uiiknown angles 010.3627 
1 —— 5 
To the tang. of half their, difference "9H $2. 26.— r 


Hence the angle BDC is 2 19.56. and the angle DBC f 15.. 
Then for the ſide BD, hich the true — 


As fine of DBC + - 15d. 4m. co. ar. 0.5851 
o the fide DC © — 30 — 35912 
Vibe fine of Bo? 45 0 — 2.84948 

Tote fide BD $1.6 the Wane rope — nn 


- ks #4 + - 


* + 


- Jt 


* 1 


ATTN 


1 


333 $822,558 TER 


nene 


my 
— 


lens 109 mis «da 


Lau 


* NNW. 


day; I demand the courſe, diflance, Serene. 
—————— d 
down the triangle A B C, a« in the foregoi 
** with the courſe 8. E. viz. an angle of woing 5 Fig. 6s. | 
diſtance 100, n - 
the ſame as found before ; then ſhould the 
> but becauſe the current in that time hath ſet the 
30 miles N. N. W. therefore ſet off 30 miles from N.N.W. 
A to d, which may be done by the rule laid down in tra- 
; for ſeeing the line CA is SE. from C 
north weſt from A to C; and then 
ſets N.N.W. which is two points to the northwar 
nn foot in 
which ſet off two points from g to 
— 2 


and is a N. N. W. line, upon which ſet off 
| Es Fare) form A tod, and then is the true place. 
the 


ſhip at d, her true diſtance, C d 73.2 miles, her diffe- 


rence of latitude 43-0 miles, ang her departureq d 59.2 miles, 
"the arch © PO! the angle at C 549. om. the courſe 


Soi the ime of the angle at A 


TothelegSd— —— — 27 1144273 


Aaza4 As 


k ; | fuppoting a Ripro iy the log. mn mids 3m hour, | 


To the ss . me - F, | : | 
$0 is the fine of the angle td — 2 


To the leg AS oF”. * 1 5.05996 
"The leg $4 27.7 8. fub dernden from the hole 
difference of latitude C Nun U Cq the true — of 


re 1.8.1 — —ÿͤ— 1 
departure 70.7, leaves End the true departure; by 


ma raed eng Re amor 
e . : : | 
| To radius — —— 90 o 1. ooοο 
i So is departure ; — Re A+ 1.77232 
To the ung of the courſe 23} were | 1 $4-0=10.1 3886 
RN — —— 


r le or”. +3 GILG SH. | 4 eats 9.76921 
To the difference of Land, I, . 43. 3= 163346 


So is radius | * 8 — 90 0 10.000 
To the Glase — 2 5 — 3 2— 1.86425 


The true courſe is $4 Grabs fig the ſouth « eaſtward, or 
i fouth cast near three quarters call, and the diffance 1s 73.2 
miles. 
CASE II. 6 
| made good, given, fd the e nd motion of 


| de fl bythe compat) 8. by E. 36 mils, and then . 
res at u place whi ch is known to bear from the place 


+ and diftance 


the current, 


„ „0 0 Ger ric 4 = [ = - 4 
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-en . 2 n . 
re. 1 ailing, traverſe; Ec. draw the north and ſouth 
* n S. E. and 


| min. ſoutherly, for the true courſe of the current. 
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Chap. MI. Sean concerning Currents. 378 
diſtance 36 miles trom A to C; then ſet off alſo the courſe and 
W 5 S. from A to D; then be- 
cauſe by the courſe and diſtance run 
the. log, the ſhip. Pk ry lara been at C, but is found at. 
n P 
time from, C to D, therefore draw the line CD for the ſet of 
the current,' which meaſured will de lagnd ap he 25 miles. And 
the angle ACD accounted from the N. by W. point becauſe 
the line CA is N. by W. line, will be found to be 11 points 
from the N, by W. caſtwards, viz. E.S.E. o deg- 9 min. ſouther- 
ly, for the true courſe of the current by the rule laid down in 
traverſe ik 3 for ing down courſes by * 
3 | 


 Arithmetical calculation.” 


| In the oblique triangle ACD, jo hive hires the fide AC 
36 miles, ind the B&- AD 54 miles, Soups coker 
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them 2 ** or 22d. 3om. (being the diſtance between 8. 

E. and E. by 8.) to find"t the angie ACD, and the fide 

* * . 

Ar. 

As the ſum of the given ſides 90% Tags 

To their difference | 18 I-25527 

S0 tang. of + ſum of unknown angles 78.43 10.70134 

. their difference 3 my 10.00237 

Added jo the half fon 

The ſum is the angle ACD 1323 54 Ka 


which. reduced to points of the compaſs, is 11 points, o deg. 9 
min. and that accounted from N. by W. finds E-S.E. o deg. g 
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— a AcD_ 1 123d. 5 — 
To the ſide AD 14 1238 
$0 th fine of the angſe CAD——— 25 30 —.— 
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- So'that the ſets 25 miles. .S. . ſoutherly 
the rime 5 5585 e 


Ea to fail 4 miles an hour, 


fore di 25 by g, the notient * r 
A the current. 3 * — 


"EASE m. — and din wes 

and courſe and motion of the current given, 1. 

ous ge failed: or, more properly thus, 

diſtance, between two ports or iflands gi 

ſo the courſe and motion of à current that li 

given, to find what courſe to ſteer 

to windward of your true courſe to 
motos of the fhip may bb rhe 

fouth: 40 degrees, welterly 80 
miles an hour, a ſhip ele 
3 ſhe wuſt ſteer from B to A, and 
1 b. Bis arriye on Ae he pope 


; call Sir th eaſt ind wel line AC at pleaſure, 
down in traverſe ſaili then is the f 
miles, and the 172 BAC een 
oblique triangle 


- other fide nor 

"of the two fide On and CTB, for C repre- 
23 miles ah hour, and B C repre- 
thiro* the witer 4* miles an hour : 
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bours, in which time the current ſets 25 miles, there- 
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3 and the angle ABC 25 Nana 


gem. Oe fogs 65d—m, from the ſouth weſterly, 
s almoſt 4 ſoutherly, is the courſe that the ſhip muſt 


ſteer to gain the port with allowanct for the current. | 
Then for the ſide BC, the diſtance failed by the log, ſabtra& 
the ſum of the two angles A and B'15ggd —11m. from — 


eee eee * Then. 


As fine of the angle Ag — 24.9 Co. Ar.o. 
To its oppoſite de BA = —— 22 


1.90 
To the fide oppoſite BC — 146 — 2.16439 


a | The diſtance ſailed by the log is 146 miles, and the rate of 
failing is 4% miles an hour, therefore divide 146 by 45, the quo- 
tient 323 is the hours that the ſhip will be in failing from B to A: 
Now if you would prove the work, multiply 325 the hours 


the ſhip is in ſailing by - ag, the miles that the current-ſeti'in one 


hour, the quotient 185, is the miles that the current ſets in that 


tithe, repteſented by the fide AC, 2 will alſo find to 
be true by the following canon. 


As fine of BAW — 1300 Co. Ar. 0.11675 
To ſide oppoſite BC —— 146 — 2.16439 
So fine of ABS —— 2511 —— 9.52897 


To kde oppokre ew. = — 10905 
Note, It is neceſſary in | thi caſe to dae how faſt the ſhip 


fails, for the faſter ſhe ſails, the leſs ſhe * to windward 
Ir OR OD eons.” 
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| Gemetrical 3 


1 and g. line AB, and fet off the ſhip! 's 
courle ſicered S. S. E. 22-30, and draw the line AC Fig. 68, 
continued; then any where upon that line, as at C, 
draw an E. N. E. line (as the line DC) by the rule laid down in 
novarkk key Geometrical to . the ſet of the current, 
pon which ſet off 32 miles, the currents motion in 24 hours, 
from C to D, OTE SES diſtance from D to the line 
AC, x here happens to be the length of the line CD be- 
cauſe CD is perpendicular to AC) — the parallel h D, then 
with 70 miles (the diſtance made good) in your compaſſes, and 
one foot in A, deſcribe the arch Bg continued, and where it 
cuts the .b D as in g, begin the line g E, drawing it 
parallel to the line DC: EVI. 70 miles the diſtance made 
good, Eg 32 miles, the ſet of the current E, N E. The line 
E 62:3 © Hes the diſtance ſailed by the log, and the angle 
EAg 27d. Tam. added to. the angle B A C 22d— am, the 
ſum 49d—g2m. is the acts aps bac Hm the ſa 
ward, or the arch K m meaſured on the rumbs, gives $: 2 
43 min. eaſterly. | 
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_ In the triangle A Eg you have given the diſtance made good 
8 3 ; * To 
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1.84509 
9.94910 
$5.5 | | 1-79414 
The coutſe made good is S. E. 4d. 42m. eaſterly, and the 
diſtance failed by the log is 62.3 miles. 
And if you would prove the work by inverting the queſtion, 
and propoſing it in the firſt caſe of current ſailing, thus, 

*A hip fails S. S. E. 62:3 miles in a current t 


the ſame Err 
2 miles, in the time, you wi anſwer produces 
E » for the courſe and diſtance 
made nn RED . 
Note, Although in this caſe the triangle A E g is night - an- 
gled, becauſe the current's — —e— rk 
with the — A courſe S. S. E. — — N. caſe it would 
have been an oblique triangle; both for projection 
and calculation would have been the ſame. 
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Queſtion the fifth, A ſhip fails 72 miles a day by the log, in 
a current that ſets eaſt 12 miles a day, and then finds that ſhe 
hath made her way good at ſouth eaſt, I defire what courſe ſhe 
hath ſteered by the compaſs, and what diſtance ſhe made good. 
Draw AB, and with an angle of 45 deg. the courſe 
> good, draw the line AC continued, then with Fig. 6g. 
72 the diſtance failed by the log ſweep the arch Bd; 
then auy where upon the line AB as at B, make an eaſt and 
weſt line, becauſe the currents ſets eaſt ; then take 12 miles in 
your compaſſes, the current”'s motion, and ſet it lelto 3 
C, and ſo as that it may juſt extend from the arch Bd to the line 
AC, and here from e to g, and draw the line e g, and it's done 
— or if you think this method too mechanical for; laying dow 
the line g e, you may do it thus: you foreſee; that in the trian- 
angle Aeg when laid down, there will be given the fide A e 
72, and the angle oppoſite to it 45 deg. and the fide eg 12, to 
find the angle e A g, thus, „ 2 e 
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motion of unknown currents, is the very ſame 


5 
F 


* Of tu Pn 30 1 "TY 


may alſo be divided into ſeveral caſes, of which 1 


1 
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ſhall in order; but that which is chiefly uſeful is 
where the and motion of the current is given, 'with the 
courſe and nce between the place failed from, and the place 
bound for, what point the wind blows, and how near 
the wind the ſhip will make her way good (for theſe four things 
are 


commonly given or known) to find how long ſhe muſt he 
each tack to gain her port, ſuppoſing her rate of running, 
ſailed in an hour by the log, be alſo given or known. 


two iſlands A and B, A is diſtant from B go les- 
north : a current ſets from A towards B ſouth 2 miles 
a ſhip at A intending for B meets with the wind at 
gets her ſtarboard . tacks. aboard, and makes her way 
within 72 of the wind, and fails four miles an 
the log, 1 how. long ſhe muſt lie upon each 
gain her port, and what courſe ſhe makes good. 
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gues upon, the middle Fig. 
perpendicular d C, then draw the © 

ngle bf 72 es with the line AB, and 
till it cut the perpendicular dC in C, and 
ſhall the iſoſceles triangle ABC repreſent 
the ſhip's way to them without any allow- 
urrent, the line AC repreſenting the ſhip's 
board tacks aboard 72 deg. from the wind, and. the 
with her larboard tacks aboard to fetch the 
every hour while the ſhip fails four miles by 
the current ſets her two miles to the ſouthward, there- 
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Hedce AC Tar HERE" which divided by 4 
the miles failed in one hour, the quotient 109 is the hours, in 
whach the ſhip ſails from A to-C ; but the current ſetting ſouth 
two miles an hour, tis plain that in 109 hours it hath ſet ſouth 
218 miles, or 724 leagues ; therefore draw the ſouth line C g, 

becauſe while the failed dy the log from A to C, the current 
| ſet her from © to g, therefore draw the line Ag, which 
A the true compound motion of the ſhip or courſe 

ere to the port fot that tack, but only 

> r Ne: for, obſerve where the 
r and then is the an- 
true courſe made good by reaſon of 
-the A e the true diſtance failed upon the 
ſarboard tack, rl. and eg the diftance failed up- 
on the larboard tack being alſo 69.3 leagues. But to know 

De far the will have failed by the by that time that ſhe 
will be at e by the help of the current, draw e k parallel to g C, 
this parallel ſhall cut AC and Ag proportionably by Euclid. lib. 
_ 6. prop. '2.-viz.as Ag to A e, ſo AC to Ak, hence Ak meaſur- 
the tag, which, —— or 166.5 miles failed by 
which is divided by four, the miles failed by the lor 
Svves 415 hours, the time to ſtand upon the ſtart oard 
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